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> Mo&i. intsei Heath. Thil wa& tlie ulea of Mofet, and the reafon 
why that legiflator prohibited the Ifraelites from eating 
blood. '^Therefore \ faid onto the childnen of Ifrael^ 
Ye (hfll eat the blood of no manner of fleih ; for the life 
of all fleOi is the blood thereof. I will even fet my face 
igainft that foul that eateth lUooid ; for the life of the 
2e£h is in the blood.'^ Homer gives death the epithet 
IMirpky 99fivf%9^ da»«rf( : and Virgil alludes to it when 
Einpn^ he fays, purpunam v§mit tile animam, Erapedocles and 
Critias belm^ life to be the blood itfelf. 

Upc^ examining the opinions of tbe^ ancient fe£ts of 
. phiiofophers; on the immateriality and materiality of the 
^:IohI^ ^^ would appear, tbat the immaterialifts, confidering 
atl. the futile ^nd invifibte fluids as not fubje£k to the ' 
laws of matt^rj thought they had difcovered amongft them 
tb^priginof the foul, whiliirome^f them feem to have con- 
HencHtus. ffntpded the foul vyitb the living principle. Thus Hera- 
.'^Vitvfi looked upon the Joul^^or intelligent principle, as m- 
, jcorpof^al, or an exhalation ; Parmenides, that it was fire ; 
Parmeni. ^^pitboTf^us, that if was extrafted from the fun } and«Ajn- 
imt^Qi^, An^jamenesi,: and Archelaus, that is was a fub* 
^p?o. ^ ttJe aifj^. Hippo aff^rtefl^it tojbe a vapour ;'for, according to 
. hiip, hivmidity wns the pri^prplepf all things ;, and Boecius, 
Antoiiinus, ^hat it wfts cpmpofgd of §ur and fire. Marcus Antpninus the 
. Stoic was perfoaded-of it's^^great refemblance td the wind, 
^ and Crip]aus- imagined that its eflfence was a fifth fub- 
. iSance; Many. of thermodemsi hate fnppoied.tbe foul ori^ 
ginates from the femmal Tiquor > that at firft it is merely a 
i^getating principle, like unto that of a plant, but after- 
ward, on becoming more perfeft^ it acquired a feniitiye 
property, and is at laft rendered reafonafole by the drvine 
cooperation. 
Pytiiag6ras. Pythagoras had imagined, the Ibul to be detached 
from the air, and ha(! invttitcd zxk anima muruti, kom 
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LIFE. 

71^ ^tf/ Principle. 

X HAT life is a material principle^ and confequently 

fubjed to the laws of chemical affinities^ has beea 
aflerted by feveral philofophen ; but although no fatisfac* 
tory explanation has yet been given refpefting it's adUon, 
or mode of producing il's various efie^^ when considered 
in a chemical view, it will not be deviating from the ob« 
je£k of the prefent work to give a few of the principal 
opinions that have been held of it's nature. 

The exiftence of a living princt^e in the animal body 
has been acknowledged from the earlieft ages. At firil it 
>vas looked upon as being particularly connected with the 
blood ; for, having obferved that the body was deprived 
of life by great evacuations of blood, either in battle or by 
accidental caufes,.it was natural to conclude that this fluid 
conveyed the living principle out of the wound, and pro* 
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La£bLntius^ who believed the foul llkewife corporeal^ 
after having examined all the various opinions of philo- 
fophers on the fubjefit of the eflence of vi^hich the foul is 
oompofed^ and having regarded them aU as ancertain^ 
acknowledges^ however^ they are not without fome ihare 
of truth — our foul, or the principle of life, being in the 
blood, in the heart, and in ihe fpirit — ^but that it is im- 
poffible to exprefs the nature which is the refult, being 
more eafy to fee the operations of it than to define it. 

It would appear^ therefore, all the ancients had fome 
idea of a living principle which animates the corporeal 
Plutarch, machine ; and this is afferled by Plutarch, who ought to, 
Icnow beft the fentiments of the ancients, having given a 
treatife on their opinions. He fays, as being acknow- 
ledged by all of them, that fpirit is only a fubiile matter, 
and our foul, which is the air, keeps us alive; and in this 
manner all the world contains fpirit and air, which are 
only two names fignifying the fame thing. 

The anima mundi of Pythagoras, the fva-iq of Hip- 
pocrates, and the wmifAM of the author. of De Mundo, was 
afterwards defcribed by the name of calidum innatum, a& 
exprefBng the vital principle.: and fome of the firft rcfto- 
rers of letters adopted the fame opinion : and during a cdn- 
fiderable part of the feventeenth century, a regular fyft^m 
prevailed, by which the vital principle was reckoned the 
efficient caufe of generation and exigence in all animals 
and plants. It then took the name of anima vegetans. 
Pjirftcclfus. Paracelfus changed this term, in his hypothetical and fan- 
ciful method of reafoning, for that oiftderealfpiritj which, 
according to his opinion, was equally independent of 
"the body and the mind, but defcanded From the iSrma- 
ment, as the rational foul proceeded from the deity. Van 
Helmont, who thought he improved upon the fyftem of 
his mafter Paracelfus, fuggefted the theory of the Archeiis, 
without venturing to affert the u^ity of the rational and 
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living fouts. The actions of the Archeiis were after- 
guards reduced by Stahl to the operations of the rational SM. 
ffitii; but, according to Dr. Ferriar, Defcartes appears to 
have been the iirft modem philofopherlivho rge£ted ttie 
feparate exiftence of the vital principle, tinder all denomi- 
nations. He avsdled- himfelf of the progrefs' that was 
made in the nervous phyfiology not long before, by Wil- 
lis and others, to form an hypothefis of the vital flinfkions, 
founded on the fuppofitionof the nervous fluid or ani- 
mal fpirits, which was the language of that period* 
The do£trine of Stahl made coniiderable progrefs ; and. 
the fuppoiition of a rational power, or vis medicktrix 
naturae, which dire6is all the a£kiops of the body both in 
health and difeafe, became univerfal ; and for a long tim6 
the terms of nature, fenfitive foul, and vital principle, were 
employed without much oppbfition. The exiftence of ti 
nervous fluid was now aflumed independently of the fen- 
fitive foul, to explain the appearances of fenfation and vo- 
luntary motion. 

About the middle of the lafl century, when Haller was 
aflerting his theory of the vis infita, and vis nervea. Dr. 
Whytt of Edinburgh attempted a reformation of tbeWhyit, 
Stahlian doftrine, which excluded the independent living 
principle. He fuppofes the foul to be prefent in different 
parts of the brain at the fame time, while be confiders this 
foul as immaterial and unextes^ded. 

Some philofopbers at length began to imagine that 
matter might acquire vitality, in confequence of a certain 
organization, and amongd thefe were Buflbn and Hoff- Buffon. 
mann. But while no (ingk hypothefis refpe£king the vital 
principle prevailed generally, two theories appeared, which 
more particularly engaged the attention. Dr. Monro gives Monro* 
his explanation of the intelleSfus agens In the body, by fay- 
ing, that the power which created all things, which gave 
life toanin^als, continues to a£t uponf and to maintain all;^ 
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ty the unceafing influence of a living principler pervading 
the untverfe, the nature of which ouv facuhie» are inca- 
pable of duly comprehending* The other theory wists that 
Hunter. of John tjunler^ who revived the idea of the blood being 
endued with the living principle. This opinion^ as obfervec}^ 
before, is not only to he'found in the writings attributed to 
Mofes,"bu{ in modern tiine^ it had been ajflerted by Harvey, 
HdfimahB, and inore Particularly by Huxhain, who eVcn 
mentions, the red glohiites as the peculiar feat of Iife« The 
proofs which John Hunter "brings of the life pf the blood 
are Che following : , 1. It uniles living parts when effufed 
belw^n tbe^. 2. The'blpoo becomes vafcular, like other 
living parts. . 3, ' It's teinperature, as ' it flows from the 
vein, is always eqiial^.in tne moft bppofite terhperatiirfes t6 
which the body can bear expbfiirer 4. It is capable of 
bdng adied upfthf. by ¥ uimiilu^, ' as is the caffe when it 
' fcoaigulatcs, . V/ Tfife iift/dif^at pVio^ of the life of the 
biood is th6 nbirrffliSient ind pir^f^tyati'on of life in par^v 
lytic hmbs, 
Goodwyn, ' Goodwyn^ ^fe iffdedvOUf^d to cOftflder thife' fubjeft of 
vitality lii a*' manner different from whkV-it had been, 
taking the living body ^hen all the accidental figns of life 
ar6 removed, and applying to it thofe external powers 
li^hich really do reftofe them, then attending to the place 
and circumftances <5f their firft operation,, and the imme^ 
"diate effe£ks they produce, was led to examine the eflen-. 
tial quality of life, and ^onfequently to th^ means of di-r 
fiinguiihing it from death* This pbyfician is of opinion, 
that the heart is the great feat of the principle of life, in all 
« the mote perfeft animals j and that the contraAion of the 
heart with the ordinary (limulus is the only mark of the 
prefenoc of this principle; that when the heart contrafts, 
under fuch circumftances, tne body is alive 5 when not, 
it is dead. Life he therefore defines to be the faculty of 
propelling the fluids through the circulatory fyftem. Ac* 
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cordins to him. the external. concomitant circuni (lances 

which operate upon the body in health are heat andVefpira- 

tion, which excite the vital principle to a£tion; and \y hen- 

ever the fjndlionsof ah animal are fudd^ly fufpended^ a,nd 

the body puts on the appearance of deaths it is always in 

our power to determine whether it be really dead^ ty Vf - 

(loring the temperature^ and by inflating the. ji^ngs with. 

proper air. He is of opinion^ with fome others^ that ^ere, 

are no means of determining the abfolute deprivation of, 

the vital principle but by the prefence of putrefa&ion- . 

Currie, on appreciating the powers of life, affirms, that Cunie. 

if a definition of.it were required, it might be roojil cjiparlj, 

eflablifhed on that capacity by wliich tbe animal preferveS; 

it's proper heat under the various degrees of temperature 

of the medium in which it exifb. That the more perfej^ 

animals p9irers this power in a fuperior deg;ree : and this i% 

xjeceflary from the exercife of their vital funAions. fbat 

tl^e inferior animals have it in a bwet degree, and vegeta^, 

bles lower ftill s which is according to their limited powers 

and humbler organization. And as the capacity of prefefv- 

ing nearly an uniform temperaturq in ^1 varieties Qf climate^ 

a;nd feafon is a criterion of life in tb^ more powerful ani- 

mals, it is prot^bl<^ that a few degrees of incrcafe or di- . 

mioution of the heat of the fyft^m produce difeaifes an^. 

death. Metzler fuppofes carbopic.acid ga^ to ^ffgrd the 

principle of life. De la Metherie looks upoii,th^ principle De h Mc« 

of life to be the aura animalis, fomewha.t ansfl9gous ta '^' 

* . •»■'''" 

the aura feminalis; and Girtanner affirms irrita|^ijty..ta. 

be the principle of life. Somewhat before the tiinewheiv 

Goodwyn publiAed his/* Connection of Life,, with, ^^ 

fpiration," a revolution had tajceji p.lace i;) ch^miftfy,^d 

the attention of phi](»fophers became miore particula^y 4i-< 

reded to inveftigate the chemical prpoefles that were fup- ^ 

pofed to take place in the anipial economy, and by which 

the principle of life came in for it's /hsgre. This. cl\apgc- 
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in tfie fyftems arofc from the difcovcry of oxygen, which 
was found to be that principle which' fome of the ancients 
had imagined to exift in the atmofphere — a certain fome- 
thing which they faw was neceffary to life. This oxygen 
19 the pneuma that Ariftotle fays unites with the blood ; 
and Chryfippus von Soli^ who gave to the pneuma the 
mod extenfive range, exprefsly declares that it is what ge^- 
nerates life; whilft.Praxagoras the phyfician fays that the 
foul is ftrengthened by fpirituous air. 

This theory of Chryfippus and Praxagoras had it's dif- 
ciples in the middle ages^ and in latter times it received 
great influence from the difcovery of the circulation of 
the blood. For this difcovery we are indebted to Michael 
Servetus or Andrew Cefalpinus, each having mentioned 
that circumftance before Harvey. It now became clear 
where the blood met with the infpired air, and how it was 
then fent through the body. Servetus exprefsly fays that 
the blood paiTes through the lungs, obtains there an addi* 
tign of vital fpirit from the atmofpheric air, and returns 

Bacon. in^regnated with this from the lungs to the heart. Bacon 
added to the doftrine of the pneuma, and fays the vital fpi- 
rit is compofed of air and fire, which by their union pro- 
duce a weak combuftion, or, as it may be called, the phlo-^ 
gijiic procefs of life (incenjio fpirituum vitalium)* Hence, 
from the time of Praxagoras there appears to have been 
a fimilar idea of a material principle of life, although dif- 
ferently modified ; and this appears to have been the opi- 
- ' . nion- likewife of Harvey, Mayow, and Mund, and to have 

Townfcnd. defcendcd to the prefent times. Thus Townfend affirms, 
the vital force of an organ appears to be in the exafl: 
proportion of the quantity of oxygenated blood that circu- 

Thornton., lates through it ; Thornton, that there is a chemical pro- 
cefe going forward in the body by means of oxygen ; and 

Brandis. Brandis, Reil, and Gallini are of the fame opinion, but 
« fay the vital power arifes fjrom a conftant change of animal 
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ihatter, a pixFogiftic proceft,' Which itf maintained and i%- . 
newed by an nnion of the oxygen with the carbon. Ac- 
cording to fiufeland, life is a chemico-animal flame, to ^"^c^nd. 
the prddudion of which oxygen is abffolutdy neceflary, 
and the vitil power is the nioft* general and 'powerfiil of 
all the powers of nature. He con'Gders it as the caufe of 
organization, and as poffelling the following properties. 
1 • ' It has^ a greater affinity to fome organized bodies thaH • 
to others ; thus, the polypus may be cut in pieces without 
being diyefted of it, and a decapitated tortoife or a frog 
deprived of it's heart will live a long time after 5 whilft to 
the human body, or a quadruped, it would be inftant death. 
According to this phyfiologift, it appears to be a general 
rule, that the ftronger the affinity is between life and an 
organized being, the more imperfeft is the animal : hence 
the zoophytes, whofe whole organization confifls in a 
mouth, a ilomach, and a gut, have a life exceedingly te-> 
nacious, and difficult to be dcftroyed. 2. It is in greater 
quantity in fome organized bodies than in others. Thus 
an elephant lives a century, whilft the ephemeron only 
exifts a day; and in general all cold-blooded animals 
live longer than thofe with warm blood. 3. It frees 
bodies from the chemical laws of inanimate matter, and 
transfers the component parts of a body from the phyS^. 
cal or chemical to the organic or living world. 4. It 
prevents putrefa6tion, for no organized body can putrefy 
lanlefs deprived of life. 

Humboldt is of opinion, that the degree of vitality de* UtiralW*. 
pends upon the reciprocal balance of the chemical affini- 
ties of all the elementary parts of which an animal is 
compofed. 

Davy confiders life as a perpetual feries of peculiar cor- t)a^. 
pufcular changes, and the living body as the being in 
which thefe changes take place. They are confequently 
found to be continually varying : and (ince all organic fen-' 
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fi^v^ beings are unable t<yexift without light and ojcygen^ 
he lookjB upon thefe t^o, under the name of phofoxygco^ 
as efTential to exifteiice. 
IV. Ferriar JDf* Fcrriar, in his ohfervations, concerning the vital 
ivfa^prin! principle, thinks that fome direct: arguments may b^e 
^* brought agaioft the general fuppo^tion of an independent 

living principle, Thefe arguments he divides into two 
, kinds, viz. refutations of the general proofs offered, in 
fupport of the vital principle ; and inflrances. pf the dire£t 
influence of the mind and brain over. what i& termed the 
independent living principle. The great proofs for the 
fupport of a vital principle are, the contraction of mufcle* 
feparated from the body on the application of fliniulants.; 
theiperformance of the vital and involuntary motions with- 
out any exertion or even confcioufnefe of the nund, and 
the birth, of fulL-grownibetufes dedltutis jof. a brain« Id 

alt thefe ^afea, fom^Uping b alleged, to, op wtej^ind^eftr- 
denlljf of .the mind, in producing mufcuUPipotion- ^ . 
.P*^ J'^exriar, in anfwer to the firft argument drawn from,^ 
the, coatfftdion. of. feparated mufcles, affirms- it maybe.- 
faid, 1. That the, power of conjtraftiqn^ in ,a feparatqd-. 
mufcjeis loil. before putrefadion -take^place--i. «. before 
ttfe deflrudioaof it'js texture.i butif it's vitality depended^ 
ooji's Jtexture thia ought not to hapaen. - 2. The powet 
qf Acontra^on i.aa fegarated mufcle is'flrongefl upon. it's 
fi;ii,fep^aration, arid becomes wjeaker by degrees j.there^.^t 
foj£ the contra^ling^power appears to have been derive^, 
from, fome fource from which it is detached by the exci- 
fiqn of the parU 3» Irritation of the m^i^Ua oblongata : 
CHC.of the JieTves (applying particular mufcles, occafion* 
ftronger cooitradions than irritation of the mufcles 
themfelves ; and Dr. Whytt furnifhes an experiment on a 
frpg, direiftly proving that the action pf feparated mufcles , 
depends.i^)on the nervous energy. 4. Dr. Haller himfelf 
is obl^dta make a^oaceffion un this fubje^t fufficieut to 
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d^ftroy his faVourite hypothefi^ of the vis infita. 5. When 
a paralytic limb is convulfed by the eleftric fhock, the 
motion never takes place without the patient's confciouf*' 
nefs^ ' In this cafe there is ho diftinftion between the vi* 
tal principle and that exertion wnicti in voluntary motioa 
is always attributed to th^ mind. 
In antwer to the fecond argument in favour of a vital 
r principle, drawn 'from the performance of the vital and 
other involuntary motions, Dr. Ferriar contents himfelf 
, with CHily obferving, that allowing the organs of thofe 
inotiotisto be fifpplied with nervous energy, their mo-* 
. tions inay be very well accounted for by the ftimulus of 
their contained flHids. ^' 

The force df tlie third argument, drawn from the want 
qf a bhuoi in iuH-*gtX)wn fostufcs, is taken oiT I y Dt« 
Wbyt^ who remarks^ that as the heart is fomciimea 
wantitog in fbtt-grown fetufes, the argument would 
equally prove thatthe heart is not neceflary for the coiv* 
tinuance of circulation, as that the brain is not neceiTary 
to the fupportof the fyftem. Accordingly, fetufes bora 
without a brain do not in general furvive birth. 

Befidea thegoieral foppoCtion of an Independent livinig 
principle, an infitrenoe has been dra^m frpm fafts, of % 
nervous energy independent of the brain« By thif ten^ 
ismeapi, that condition derived from the brain to dif* 
Itu-ent parts of the body, by means of which they becomf 
capable of moti<Mi . To ((lo w by direft proof that there k 
no- independent vital principle. Dr. Ferriat ofarfen^A 
I. Visti U f s jttfUy urged by Dr. Monro againlHhe dot^ 
trine of the vib infita, tbatth^e is toannichdefigniti ib4 ' 
adioiett of different mufcle»y afl(tS(ed by^differeii^t ftixmtli^' 
to be the efleft of mere mechanifm. Thti$, when th4^' 
band'of'foot is burnt, or othefwife'fad<$enIy injttred, thi^ 
niufcles oh the pait immediately ftimulated are not throwti ' 
into n&\<mi nor Uutf tmiTclies on Aefdt irfituud^'bul tbeiir ' 
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'atit^nifts contract immediately and ftrongly. Now, if 
the inftantaneous a£iion be in this cafe chiefly produced 
by an efibrt of the mind, the {uppofition of a diftinS: 
Vital principle is fuperfluous 2 if it be faid to be produced 
iDy a living power independent of the mind, then there 
muft be a rational power in the body, independent of the 
inind; which is abfurd. S. The ftate of the vital and 
involuntary motions is confiderably affected by the ftale 
of the mind, which equally difproves the exiftence of a 
feparate vital principle, and proves the dependence of the 
nervous energy upon the brain. 3. Madnefs, it is wcfll 
Inown, is frequently produced by caufes purely mental, 
and in perfons apparently in good health ; and as the pa-* 
tient's fenfibility to every powerful (limtili is much dimi* 
liriflied in maniacal cafes, they afford aMther proof of the 
fubordination of the nervous energy. -4. It has been ob- 
served, l^at in paralytic cafes motion is frequently de« 
fttoyed, while fenfe remains. As the caufe of palfy rf- 
snoft always reiid^s in the brain, this fa£i appeal's equally 
inexplicably on the opinion of a di(lin<^ living principle^ 
or of a nervous energy independent of the brain. 5^ When 
ft^rvcs are regenerated after being cut through, fenfatkm 
•nd voluntary motion are not always redored to the part^ 
lieneath the divifibn : the reftoration was never made in 
Pr. Monro's experiments. But on the fuppofition of a 
9i&inBi nervous power, the nerve, after it*s reunion^ 
dught to refume all it's offices. 6. Dr. Whytt aflert8> 
that when the fpinal marrow of a frog is deftroyed, after 
i}^co]lation, no contraftion can be excited in the limbs by 
eiitting or tearing the mufclcs. Such are the fafts and 
atgutnents which Dr. Iferriar brings againft the opinion 
bf a diftinft living principle^ tod he thinks that theiV 
invcfiigation appears to lead us back to the brain as thf 
'(burce of fenfibility and irritability. 
j>i. K.ufli. ^ Yhe laft opinion^ which has been pven of the priEfcipIt 
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'oF life is that of Dr. Rufh. He included in^mal lUe 
three properties^ as applied to the human body; vis. ^9f#- 
thn^ ftnfation^ and thought y and thefe^ wh^n united^ com- 
pofe perfeft life. It may exift without thought or fenla-* 
tion, hut neither fenfation nor thought caai exift without 
motion. He affirms^ that the loweft degre^ of life exifts 
in U)e abfenc^ even of motion. He firft confiders ani- 
mal life as it appears in the waking and fleeping dates in 
a healthy adult, and afterwards inquires into the modifU 

^cationof it's caufes, in the foetal infant, youthful and mi(t- 
die dates of life, in certain difeafes, in different ftates iff 
Cbciety and in different, animals, and lays down the fol* 
lowing propofitions : 

1. Every part of the human body, the nails and hair 
^excepted, is endued with fenfibility or excitability^ or 
with both. ^ 

2. The whole body is To formed and connefted, that 
impreffions made- in the healthy ftate upon one part exi- 

«tite motion or fenfation, or both, in every other ps^ 
•of the body. 

3. Life is the effeSi of certain flimuli a&ing upon the 
rfenfibility and excitability, which are extended in different 
>degree6 to every'external and internal part of the body ; 
'AikI thefe flimuli are' as neceffary to it^s exiftence as ait 
It to flame. '■ - 

That animal Kfe is a forced ftate was firft delivered by 
Dr. Cullen, although he afterwards retrafled it. He af* 
^firmed that the human body was not an automaton or 
ielf-4noving machine, but kept alive, and in motion, by 
the conftanta&ion of ftimuli upon.it. Dr. Brow^en- 
>larged upon this, and formed a beautihil theory, of excita- 
.hility and excitement : and Dr. Rufti endeavours to elW- 
.blifti this difco very of life being a forced ftate; and be^ 
•continues to obferve, that the a<^ion of the brain, tbedia* 
4ple and fyftoleof the heart, the pulfation of tbe arteries^ 



die contra&bn of the mafcles> the . .peiiftaltxc motiaii ol 
the bowelS) tbeabforbing power of this lyinjf>hatics^ ftcre*^ 
tion> excretion, hearing, feeingi fmelling, 4afte, and the 
fenfe of touchy even thought itfelf, are all the effects of 
>flimuli a^ihg upon the organ« of £rnfe and motioioi. 
Thefe have been divided iiito external and internal. 

1. The external are light, found, odours, air^ heat^ ex« 
-trcife, and the pleafures of the fenfes. . .» 

9. The intemal ftimuli are food, drinks, chyle^ blood, 
tenfion of the glands which contain fecreted liquors> and 
the exercifeof the &culties of the mind. 

Life therefore (according to the hypothecs of Rufli),, 
even thought itfelf, is merely a quality refidingin the com^ 
^ponent parts of a material fyftem, dependent upon a^pe* 
^ultar organisation, by which it is enabled to a^, or m 
(bn^e way to move, on being ilimulated^ or excited, 
fienoe life can never be inherent in a fimple^ uncom* 
pounded fubftance, nor in a particle of ammatknattep-; 
and if the ftimulus be withheld from, a living fyftem-i)e- 
yond a given time, all motion, fenfation, and thought, 
imuft neceflarily be extiaguiflied. . 

HeXhen inquire9 into theilate of animal life in flee(>, 
in the foetus, in infants, in youth and middle liii^, ib 
old age, in perfons who are blind, ^eaf and duqib, lA 
idiots, in thofe under the efie^ of long failing, and 4fi 
thofe fuppofed to be dead, from drowning, freezing, anfl 
other caufes. He afterwards takes a view of the ftatedf 
animal life anirag the diiftrent inhabitaatsof thegldli^ 
as varied by civilisation, diet, fituation, andclimate. He 
accounts for the influence of certain mental ftimuli, which 
a& nearly alike upon the individuals of all nations ; of the 
caufes of life in all the different clafles of animals ; of the 
caufesof life in vegetables; of the caufes of death ; and 
laftly, he draws his conclufions fcom the doctrine of ani- 
imtl life being the efied of impreffions upon the body. 
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IrriiaHlity'.'^WhabsftT motiDir tfanerr isr hi 'jtfae. ffiimji 
body, it is all brought ^x>tit by the mafcalar fibre;, and 
fince the cosiiiection of this fibre with oxygen is necef^ 
fary, in order that it ihall preferve.:it*9 irritaWe or con'i 
trading power, phyfidogifts have enduavoarKTtD inwefti;- 
gate what may be theinature and origin of if ritab^ityitleir. 
Gliflbn is faid to be the firft difcoverer of the Trritable 
principle in the folid -fibre, and> this was afterwatdseiok- 
laired upon -by Haller, who fovasd l)y a variety of «x- 
pefimentr that the irritability of mufcbs remaitts a long 
time after their cottne&ion ' with ^ the 'bram is deftroyeth 
Hegjavtit the name of vis ihfha; FmhergiH, in his 
Hints on AmmatioAypublifhedin' 1793, <!onikler'; oxy- 
gen as tbe>praxiffiiate caufe of inriitabHity ;^and OirtaiNier 
l90ks iipon hihiMf to be the difcoverer i>f the iame^pm^ 
cipic in the fiui4i.of the body; and it is to this ceiebiateil 
pb;rfiplp^fty>^and .to Humboldt, that t^ are indebted for 
tW moft curious obfervations on this prineiple; 
-'AoiM^iding to: 6iitanner, wbo'has made a number (^^i'tsoDcc 
tspcriinenta $onr: the fnbjefty irritability is the principk df 
life in organized nature, and. oxygen is^ the principle tf 
kritiability. -His opinioiris/that the irritable fibre, impro- 
lieily ddled the mufcular fibre, is utiiv^rfalty expanded 
J^rougbout iJl orgai^zed nattire. 'It is on this that or*> 
..gallic motion, fenfation, and ev^n life depends. He af^ 
j&Hkis that this iititjdb4t> fibre is tbe^fiSftie in all parts, antS 
fiibje& to thefinnelaws; tbect -die fidds of animals are 
. endued with irritability as wdll els the fdtids, Iheir irritabi^ 
^ 11^ confiding in their coagulability, ^hich is- fufc^eft to 
the fame laws as that of the fibre; that the degree of irrik" 
tiibtlity of the folids and fluids is continuatty cbathgiiig, 
and is different^ according to thef age* and reginlen of tWb' 
jEwne animat, according to the-fex, organizationy aiid 4ic 
of the individual 5 that the fta«e of health, oi* the tone dif 
the fibre, confills in a^ ceMin qtiamity of th^ rrritai>(^ 



16 UVE. 

principle neceflary to it's prefervaupn. To maintflfn this 
fiate^ it is neceliary the a&ion of the fttmuhis be Ijuffi* 
cienlly firong to deprive the fibre of thefurpluaof the 
^irritable principle which the luzigs.and the circulatioa of 
the fluids continually fumifli. When the irritability ia 
totally fieftroyed, the fibre is in a ftate of gangrene ; it^ 
changes it's colour^ becomes livid or bkck, and is then 
fubjeft to the laws of unorganized ni.atter. That the 
irritable fibre> from the fir(l moment of it's exigence to 
that of it's diflbIution> being conftantly furrounded by bo- 
dies that afi: on it by ftimulating it, and upon which it re^ 
a£ls by it's contraftiojiy it follows, that during life the 
irritable fibre is in a continual a^on ; that life epnfiftii in 
aflion, and is not a paffive ftate^ as fome authors have ad* 
▼anced. According to the experiments of this phyficigo^. 
poifons a£t on the blood, as was before obferved by Fan- 
taha, by depriving it of the principle of irritability, or ef 
it's oxygen. , . ; 

He then attempts to prove that it is to the oxypsa, dii» 
tributed to all parts, of the fyfiem by means of the circa-* 
lation of the blood, that the irritability and the life of or* 
gatiized bodies are owing. The proofe of which are, 

1. The irritability of organized bodies is- always in • 
dire6i ratio to the quantity of oxygen they contain, t 

2. Every thing that augments the quantity of oxygen in« 
organized bodies augments at the fame time their irritability.i . 

3 IT Every thing that dimiuifhes the quantity of oxygea 
diminiftes likewife their irritability. 

He didinguiflies the organized fibre by three difterent 
fiates: 

1 • A ftate of health, or the Une of the fibre, in which 
the oxygen exids in it's proper quantity. 

9. A ftate pf accumulatUnj in which the fibre is fur- 
charged with the oxygen or irritable principle. 

3. A ftate of exhau/^§n^ ia. which the fibre is more or 
jdff deprived of it. 



lHHXTABIUTr. 17 

He iikewife arranges all fubftances, that are capable of 
coming into contact with the irritable jSbre^ into three 
claiTes. 

Thefirft comprehends thofe fubftances that have the. 
lame degree of affinity forthe irritable principle or oxygen, . 
as the denized fibre itfelf; hence the fubftances produce 
no effect upon it. 

The fecund comprehends thofe fubftances that have a 
left degree of affinity for oxygen than the organized fibre 
has : beoce thefe, when they come into contafl: with it, 
furcharge it with oxygen, and produce a ftate of accumu-^ 
lation. They are called negative ftimuli. 

The third comprehends fubftances for which oxygen 
has a greater affinity than it has for the organized fibre. 
Tlwfe therefore deprive the fibre of it's oxygen, and pro- 
duce a AtLteofexhau/iion. They are called pofitive ftimuli. 

It is a fa£t well known, that the affinity of different 
fubftances differs confiderably, according to the degree of 
temperature. The fame difference, according to this phy- 
ficum, t^kes place with the organized fibre ; hence, in 
fpeaking of the affinities of the irritable fibre in general, 
he moans the temperature to be that of the blood in warm« 
blooded animals. Having made this obfervation, bis ar- 
raogcQient of different fubftances is as follows : 

In the firftclafs be arranges all organized or living fub- 
ftances^ which produce no effect upon the irritable fibre as 
long as their degree of temperature is the fame as that of 
the fibre with which they come into contaiSt. 

In the fecond clafs (negative ftimuli) he arranges fome 
of the mott fatal poifons. And it is on this account that ; 
the oxygenated muriatic acid is fo deadly a poifon to all 
organized bodies. It dcftroys them by the furcharge of .; 
irritability, or by fuperoxygenating them ; and theconfe- 
qtiencc is, it ia changed into common muriatic acid. Ar- . 
fenic in it'smetallic ftalc has no effe£l: Lut the white oxvd 
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of this metal is one of the moft excruciating. and terrible 
poifons. The oxygenated metallic falts, as corrofive fub- 
limate, or oxygenated muriat of nfercury and butter of an- 
timony^ produce the fame effe£ts. Alfo theoxyds of fiU 
Ver and mercury produce more or lefs effefiks on the orga- 
nized fibre, according to the quantity of oxygen they 
contain. The black oxyd of mercury, or JBthiops mi- 
neral, produces little or no a£iioii 5 whilft the red oxyd of 
the fame metal produces the moft terrible efit^s, and de- 
ftroys organized bodies in a very ihort time. The kdion 

* of the fulphats of tin and lead, iand the acetate of lead 
and copper, is the fame on the organisred fibre; 

He aflertfe that the animal as well as the vegetable or-- 
ganized fibre decompofes'the water with which itcdxIM 
into cbntaS 5 that the greateft part of the watet we dri&k 
IS decompofed, then recompofed 5 that it is another inethod 
which nature makes ufe of to fiimiih organized bodies 
' with the oxygen neceffary to preferve thtir life and irnta- 
bility. Hunger he looks upon as the confequence of ac- 
cumulated Irritability in the fyftem 5 and for a^fubftanee to 
be nouriftiing, it is neceflarj' for it to be apofitive ftimtilus, 
/. e. it muft have a great affinity for the oxjrgeh with 
t^rhich the fyftem is overloaded, by which it gives tone to 

* the fibre, and ftops the difagreeable fenfation of huD^r« 
DifTcrent fubftances, therefore, are only nourifliing in 
proportion to their affinity for oxygen. It is on thi« iac- - 
count that living animal fubftances, as oyfters, aflford little 
or no riouriftiment, becaufe, being already faturated with 
oxy2:en, they cannot combine with it ; and hence the ^11- 
known obfervalion, that oyfters increafe the appetite. 
Like^^'ife animal jellies, fruits and vegetables, in general, 
nourifli very little, or not at all. The flefti of newly*^ 
killed animals is not fo nourifliing as that kept forfome 
time, and when raw is lefs fo than roafled. From thrs 
nrifes all the art of the cook, which onJy confifts in d(?- 
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privmg tbe ^ttti of it's oxygen by difiereiU (Umulating 
fubfiancesy fuch a& heat^ oils^ fugar^ alcohol^ and other 
fubibances that have a great affinity to oxygen; and are 
very jiouriihing. In the Eaft-Iudies, inillion3 nourish 
.xhcmfelves by eating fmall /quantities of opium when their 
crops of rice fail. 

Third is a flate of the fyilem oppofite to that of hun- 

ger ; it is a fenfation that indicates an exhauflioo or want 

of oxygen. Water therefore, on being decpmpoled^ as it 

cofloes into conta<^ with the fibre, gives up it's oxygen to 

ftop this difagrdbable fenfatioa. The fame happens with 

vegetable acids, which are always decompofed in the flo- 

machs of animals. If thefe acids are the bed remedies 

4gainft the jefieds of narcotic poifons, it is owing to their 

givxDg up the oxygen, on df^cQuopofition, tothefibre which 

thefe poifons have deprived of it. Hence vinegar cures 

the JsSeSts of opium and drunkcanefs, which is likewife 

«&e£ted by a large quantity of w^ter. The fireilinefs of 

the air ^ter rain arifes from the aqueous vapours comir^ 

iato'contad with^ our bodies, and reftoring to them their 

loft oxygen. That lingular infed the rotifer may be re- 

, viired, after having been perfefily dried, by moiflening it 

with water, which, on being decompofed, xeftores to it 

it'* oxygen, and confequently it's irritability, pf which 

the jftimulus of lieat had deprived it. 

luthe third clafs (pofitiye flimuli) he arranges alcohol, 
. iblphuric asther, opium, and other narcotics ; oil of laurel, 
aad^oils in general j fat, fugar. Sec. All the fubiiances 
are combuflible ; /'. e. they have a great affinity to pxygen ; 
and it is by the fame property they deprive the organized 
fibre of it's irritability, by uniting with the oxygen they 
contain. Amongft the pofitive ftimuli that produce the 
moft terrible effciSs are thofe of the putrid fever or plague, 
and of nicphiticgas, which exhalea from putrid animal 
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fubdances wbe'fe the coitimon air is hot able to ptiietrate^ 
as in tombs. Th6 affinity of mephitic gas for oxygeia is 
fo great^ that as foon as it comes into conta£): with the oi^- 
ganized fibre it deprives it of all it^s oxygen^ and produc6s^ 
death, which is fometimes immediately. The beft way 
therefore to prevent theeffefts of this gas, is to detonate 
nitre on burning coals. The oxygen of the nitite com- 
bines with 'the gas, and renders it inert J and hence tfic 
ufe of refpiring oxygen gas by ihofe who are fufibcated by 
it, and the frefhnefs, as they exprefs, which it affords. 
Humboldt. Humboldt, who has written an ingenious treatife on £he 
nature and properties of the Galvanic fluid, looks upion 
irritability to be thecommon fotindation of all vital a£Hoii; 
and that it depends upon the property of the elementary 
parts of the mufcular fibre to change their relative fitua* 
tion on the approach of a ftronger or weaker flimulus, 
whilft in the fenfible fibre of the nerve a fluid is accumu- 
lated called the Galvanic fluid ; and he likewife SifftvtSf 
that by means of this Galvanic fluid the ftate of the irrita- 
ble capacity of a nerve or mufcle may be afcertained, for 
which experiment a metallic ftimulus, compofed of zinc 
and fllrer, is ncceflary- According to this chemical phy-* 
fiologrft, many of the opinions of Girtanner on the fub- 
jt£k of irritability are erroneous 5 for, from various .expe- 
riments, not only the irritability of the mufcular fibre is 
to be increafed by fubftanccs that contain no oxygen, but 
he found that a fluid containing no oxygen increafes the 
irritability of the fibre more than any other known irri- 
table m^ans. 1 hus, if two organs of equal irritability be 
dipped in an alkaline folution, and in oxydated muriatic 
acid, the firft will become irritated to powerful motion, 
whilft the other remains motionlefs ; but accoRlino; to the 
theory of oxygen, as a material principle of irritability, the 
contrary might be expected. Similar appearances take 
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phoe when alcohol, muik^ camphor^ tartar emetic^ and 
manated barytes^ are ufed ; fobftances fuppofed to oontaia 
litde or no oxygen* 

Withrefpefl to bodies that incioeafe or diminiih irrita- 
bilHyy he found, 

J ft. That all bodies containing oxygen increafed or 
an^mentid the irritability of the nerves, fuch as the oxyge- 
i9ted muriatic acid^ oxyd of arfenic, &c. 

9d. That all bodies which abforb oxygen diminifli or 
hjl^ this irritability ; fuch as the fulpburet of potaib, 
(dution of potaih, nitrous gas, &c. 

With refpeA to the/^, if a large nerve be laid Ijare, 
» the crural^ and if it be touched with fubftauces con- 
tsining oxygen, as the acids, it (hows an irritability. The 
IttK takes place with very irritable mufcles ; as the heart 
of a frog, wh^ it's motion b^ns to diminifli, by being 
phmged into an acid liquor, fuch as the oxygenated mu- 
liatic acid^ has it's irritability reftored to it. 

With reipe& to ihefecofid. If this hearty however^ re* 
xnains too long in the acid> it's irritability is too much 
increafed^ by receiving too great aquantity of oxygen, and 
the motioniB ceaie. To make them therefore reappear, 
fabftances muft be employed that can abibrb this excefs 
of oxygen, fuch as the fuiphurets of potafli, alkalis, &c. 
Thus, by moiitening the heart by the fulpburet of potaib, 
it's motions n^ommence. But the abforption of oxygen 
iboii takes away all irritabUity : hence the motions ceafe 
^n; and, to make them reappear, the oxygen muft be 
Rodercd to it again, by dipping it in the oxygenated mu- 
riatic acid. 

He fonnd that heat, alcohol, &c. equally reanimate the 
iftionsof the heart; that the arterial blood produces the ^ 

iuoft dStct, horn it's containing oxygtm, but not the ve- 
nous blood. If the nerve cf a part be lieJ, it lofes i^'a ir. 
litability ; asd the fame happens if the artfry b( 
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. which came?8 th^ blood to it, as Haller has proved. The 
explanation this chemical phyllologift gives of thefe fa6U 
is the following. He lays down three principles d^ fle- 
celTary^to excite the irritability. 

1 . Oxygen, which forms combinations with different 
acidifiable bafes. 

5. The acidifiable bafes of the fibre with which the 
oxygen may combine. Thefe acidifiable bafes are, earbovj 
with which it forms carbonic acid, of oxyd of carbon ; 
hydrogen, with which it forms water, or oxyd of hydro- 
gen ; azot, with which it forms oxyd of azot ; phc^orus, 
with which it forms oxyd of phophorus. 

S. The Galvanic fluid. 

Thefe combinations, however, of oxygen with th6 
acidifiable bafes of the fibre cannot take place alone, the 
fame as a^ot and oxygen mixed together do not produce 
nitric acid ; but if the eleftric fpark is made , to pafs 
through this mixture, the azot and oxygen combinc,vand 
the produfl: is the nitric acid. 

The Galvanic fluid produces, according to Humboldt, 
the fame effeft in the animal economy as the eleftric 
fluid in the mixture of azot and oxygen. It is this Gal- 
vanic fluid that, being conveyed by the nerves, brings 
about the combinations of the oxygen with the different 
Acidifiable bafes 6f the fibre; buf when the nerve of a 
part is tied, it prevents the fluid from pafling, which ex=. 
plains the reJtfort of the irritability being deftroyed. 

The oxygen neceffary for thefe unions !s carried by the 
arterial blood* in the tourfe of circulation ; and the acidi-- 
fiablc bafes which are to unite with it are found to be 
already prefent in the fibre. 

He found that every thing that augments too much the 
quantity of the acidifiable bafes diminilhes the irritability, 
a,nd that every thing that increafes too much tlve quantity 
ofoxygenlikewife'diminilhcsitj .and he thinks it very 



prjobable that the fame Is^kes place with« refpe^ to the 
propoiition of the Cfalvanic fluid. 

It ii( therefore only ia a juft ecjuilibrium of thefe prin^ 
ciples. that the neceflary irritability of the parts confi (Is; 
aQ4 the xoanner of it's operation this phyiiologift thinks 
may be conceived in the following way ; 

Suppoie a fibre to be compofed of the following parti- 
cles 00 0000, which are acidifiable bafes^ azot^ hydro- 
gen^ carbon^ phofphorus ; the arterial blood then carries 
the oxygen to them^ and the Galvanic fluids conveyed by 
the nerves^ making a difcharge into the mufcles^ the aci- 
difiable bafes combine by this means, and they approach 
each other from their affinity becoming fironger, and the 

4 

fibre is then (bortened and contra6led. In order to conr 

> . ... k 

ceive the manner of the difcharge in the internal part of 
the body^i it is neceflary to call to mind the manner of 
it's a£lion externally. 

For inftance^ let the nerve he ^pm, which is diftributed 
in the mufcle o o. The portion m of thje nerve which is 
diftributed in the mufcle ^^'compiunicates to it a portion 
of it's Galvanic fluid ; whilft the portion^ ^ fuppofed to be 
detached from the mufcle^ and fqrrounded by air, which 
is not a conduflor of this fluid, preferves it wholly. This 
portion />tf contains, then, niore Qalvanic fluid than the 
mufcle «• If, therefore, thefe two portions be direfily put 
into conta£l, there will immediately be a difcharge of the 
Gsdvanic fluid, which will pafs from the nerve a into the 
mufcle 0* 

The irritability may be likewife excited by eftablifliing 
a communication between the nerve and the mufcles by 
means of animal fubftances, ascondudors, fuch as pieces 
of flefli or of nerve ; alfo by placing a homogeneous me- 
tal, moifl:ened on one flde with an evaporable fluid, as 
water, between them. 

It is the fame with refpeft to mufcular motion internally. 
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In a ftalc of rcpofe, the nerve bcin^ inferted in the mnf- 
cles^ thegaftric fluid is put into stii equilibrium in tfa8 or- 
gans that touch each other. The fpontaneoQs nldtlon is 
made by a furcharge of Galvawib fluid into the nerve. It 
appears that, the inftant we wrfh to make it 'motion, the 
Galvanic fluid produced in the brain is carried in mafs 
towards the part that ought to move, and furcharges the 
nervous fibres. A difcharge from the nerve Is then niade 
into the mufcles. The particles of thefe laft, animated by 
increafed afiinities, approach each other, and it is this that 
conflitutes the phaenomena of contraflion. Th^acidifi- 
able elements, azot, hydrogen, carbon, and phofphotus, of 
which themufcular fibre is compofed, combine'Sfmtogft 
themfelves, and with the oxygen of the arterial blood. Muf- 
cular motion, therefore, is produftive of an aqueous fluid, 
a$ fweat, cjarbonic acid, nijiric acid, oxyd of phofphorus, 
ammonia, foda. The Galvanic fluid being decompofed, 
or rendered latent by contradtion, apd the chemical phae- 
nomena that accompany it, the particles of the mufcle 
reenter the fphere of their primitive aftraftion. 

If the Galvanic fluid is carried away without the direc- 
tion of the will (as is the cafe in difeafes), and in too 
great quantity to one part, it gives rife to fpafni and con- 
vulfion, which laft has been put a flop to by the touch of 
metallic fubftances, which, being conduAors of the Galva- 
nic fluid, difiipate it. It is upon this principle, according 
to Humboldt, that Perkinifm is founded, or the method 
of curing difeafes by metallic points. Dr. Rafn of Co- 
penhagen ha? publifted a book on this fubjeft. The 
manner of ufing them is to prefent them to the difeafed 
part, and relief is faid tp have been the confequence. The 
metallic points are commonly niade of fteel or filver, arid 
are ufed in different manners. If by thefe the patient has 
in reality been relieved, it may be fuppofed to have arifen 
from diminiftiing or increafing the Galvanic fluid in the 
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part relieved ; and it is perhaps on the fame prlncipl^es 
that -magnetic plates have produced the good effeds on , 
applying them in the fame manner to the difeafed part^ 
if it be true that cures have been effeSed by them. 

Mufcular motion^ from what has been faid^ always 
fupppfes an abundant emiflion of the Galvanic fluids and 
the fame is the cafe with all the other fundions. Thus 
digeftion only operates by the Galvanic fluid, which ren- 
ders the gaftric powers a£tive. Thought alfo equally re- 
quifCS the Galvanic fluid, which is conveyed to the place 
where it is to be pnt into execution ; hence, in the time of 
digeftion, it h to be fuppofed that thought either cannot 
take place, or that it ftould turn the Galvanic fluid elfe- 
where, and the digeftion be difturbed. And as thought , 
likewife requires a great deal of Galvanic fluid in the think- 
ing organ, it is ncceflary that all the other motions, except 
the vital, be fufpended, or thought cannot be made freely. 
On this hypothcfis, therefore, the different animal func- 
tions are a feries of continuat combinations made in the 
body^ 

The chief principles of the animal fibre, according to 
the ingenious philofopher Davy, appear to be nitrogen, Dary. 
hydrogen, carbon, oxygen, and light. He thinks the im- 
mediate caufe of irritable action to be moft probably the 
combination of the oxygen with the hydrogen and carbon 
forming water and carbonic acid, and liberating the azot 
and ele«5^ric fluid ; ^fince it is certain that water and car- 
bonic acid are liberated during mufcular aftion ; and pro- 
bably azot, and light in it's condenfcd flate ele^ric fluid ; 
as it is well known that the torpedo and fome other ani- ' 
jtials give out the cleftric fluid during animal aftion. He 
thinks that irfman the quantity is probably too fmall, and 
too flowly liberated, to be afcertainable. He looks upon 
the laws of mind to be moft probably not different from 
the laws of corpufcular motion , that every change in 



our fenfations muft be accompanied with fotne coner 
fpondent change i^ the organic matter of the body ; but 
Ihefe changes an extenfive and philofophic chmiiftry 
muil enable us to find out ; that^ by the difcovery of them^ 
. we fhould be informed of the laws of our exiftence^ and 
probably enabled in a great meafure to deftroy our pains 
and increafe our pleafures. Thus would the fcience of 
chemiftry become the mod fublime and important of all. 

Tra^tus de Natura Subdanti^e energeticaj feu de yiUlp 

Naturaj a Francifco Glifibnid. London^ l673.r^irhe 

Connexion of J^ife with Refpiration^ &c. by Edmund 

Goodwyn, M. D. p. 99^ London^ l788.-*-Memoireiur 

rirritabSlite^ confiderea comme Principe de Vie dans la 

Nature organifee, pajr M. Girtanner. — ^Journ. de Phyf. 

1790.— Verfuch iiber die Lebenfkraft, von J. D. Brandis. 

Hanoverj ] 795. — ^Dela Metberie^ in his Journal de Pby* 

fique^p. 32. tom. 48. Paris^ 1799- — Hufelanddie Kunft 

des Mcnfchliche Leben 2u verlangern. Jena, 1 798<— Ver* 

^ ' fuche, &c, nebft vermuthungcn iiber den Chenaifchen 

Procefs des Lebens, &c. von F, Alex, von Humboldt* 

• S vols. Berlin^ 1799- — Obfervations concerning the Vit^ 

Principle, by John Ferriar, M. D. Manchefter Memoirs, 

vol. iii. p. 216. — ^Three Leftures upon Animal Life, by 

Benjamin Rufh, M. D. Philadelphia, 1799* 

Refpi«tion. Refpiration.-^Tht procefs which nature e^^ploys to 

oxygenate the blQod, by means of the lungs, is called re* 

fpiration ; a fun^lion not only enjoyed by the animal, but 

alfo in fome degree by the vegetable creation; and fo ef - 

fential is it to life, that wherever vital organization is 

found to exiil there is no exception to the general rule. 

C^rapofed This fundion is compofed of two a&ions; the dilatation 

onsT^ofpi-' of the thorax, by which a quantity of air is received into 

ration and ^^ lungs ; and it's contraftion, by which the air is expelled 

expiration, © ? . 

.from them ; and thefe two anions take place alternately« 
According to the prefent theory of refpiration, infpiration 
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is the means of commrmicating the oxygen of the air fo 
the bloody which^ in con&quence^ is changed from a dark 
k) a fluid red colour, and there is an extrication of caloric 
producing animal heat* Expiration, on the contrary, is 
found to convey what might be hurtful, fuch as fixed air 
and aqueous vapour out of the lungs. 

In all animated beings, the final Intention of this func* 
tion is the fame 5 but on examining the parts in different 
clafles of animals, the organs by which refpiration is 
produced are exceedingly varied. On taking, however, 
a general view, perhaps the moft fimple divifion of the 
refpiratory organs will be the following. 

1. Lungs, as in man ; quadrupeds of the two orders j Divifion of« 
birds ; and the cetaceous clafs. e org 

2. Gills, as in fiihes. 

3. Stigmata, or holes in different parts of the body, as 
in infefts. 

Of thefe three fpecies there are great varieties of form, 
but the office in which they are employed is the fame ; 
thus the varieties of the firft and laft fpecies of refpiratory 
oigans domraunicate the oxygen to the blood by the at- 
mofphere, whilft thofe of the fecbnd fpecies communicate 
it by water. 

There are two obfervations which have been made 
upon the refpiratory organs of animals. 

I. The quantity of blood is found to be in a given ratio Obfeivi- 
to the perfeftion of their refpiration, whilft the difierencc ditfcrentor* 
of the circulatory organ or heart is always in a ratio to SiraticMu** 
thatobferved in the refpiratory organ ; both of thefe ftmc* 
tions undergoing, in fomemeafure, a gradual degenera- 
tion in the different claffes of animals, and the animal 
heat keeps the fame ratio 5 hence a fcalc may be formed 
of thefe gradations in the following manner. 
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Blood in larfi;e quantity, 
and not. 



Two ventricles in the 
heart. 



Reipire by lungs, and 
frequently. 
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Blood in finall quantity, 
and nearly cold. 

« 

One ventricle. 

Refjpire at long inter 
vafs; fonie by lungs, 
others by gills in their 
imperfed date, and 
omers always by gills. 



A white liquor infteiMl 
of blood. 

Heart ofdifierentforms, 
or unknown. 



Refpire by ftigmata, or 
by unknown means. 



1. Of quadrupeds^ cetacea^ and birdsj the laft have 
the ihofl extenfive lungs^ and they are found to exceed the 
two other orders in poffeffing a higher temperature; but 
this perfed:ion of their refpiration^ as it has been called^ 
has it's difadvantages ; aiid they are the firft to feel th$ 
bad effefts of noxious airs, which have been proved by 
experiment to be fooner fatal to them than to the others* 

9. Oviparous quadrupeds, ferpents^ andfiihes, have their 
blood ftill lefs warm, their lungs fmaller ; and whether gills 
or lungs, a fmaller quantity of oxygen is of courfecommu* 
nicated to their blood, which is lefs in quantity than in the 
befere-mentioned orders. Of the oviparotis^ who can ftop 
their refpiratioii for forty or fifty minutes, and upon which 
animals experiments have been made, they are found to 
refift even carbonic acid gas for a great length of time, and 
do not die in lefs than fifty minutes ; a fmall portion of 
blood only pafles through their lungs, the reft being con- 
veyed immediately from one ventricle to another. Fiihes 
havj? likewife lefs blood in proportion to their bulk than 
quadrupeds, which agrees very weH with their imperfect 
refpiratory organs. In thefe, however, there is great va- 
riety, Thus the cartilaginous fpecies pf fifties that have 
\heir refpiratory organs more extended than others hay^ 
lifcewife a largpr proportion of blood, l^hc pike, alfq, 
the organs of which are more complete that thofe of the 
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carp, contains more blood, but cannot live fo long out 
of water j and the carp, refpiring in a more perfect man- 
tier than tlie eel,, is likewife furniilied with more blood. 

3. With refpe^ to infeds the difference is more 
(Inking ; their heart is membranous, fcarcely fufceptible 
of motion, and inftead of lungs they have only veflels 
didributed to different parts of the body. Their blood, 
if it can be fo called, has not that red colour which cha- 
raderizes that fluid in other animals ; but they are very 
tenacious of life, and are not eafily deftroyed on refpiring 
noxious airs. Thus, according to Young, animals of 
this order, as wafps, &c. when expofed to carbonic acid 
gas, although they become torpid at firft^ foon recovered 
from their lethargy, and appeared to fullain the effe^ of 
the air without any inconvenience. 

IL The fecond obferva^ion which has been made re- 
fpefiing the organs of refpiration is, that the more per- 
k8t refpiration is, the more are it's organs concealed. 
Thu9 birds, whofe refpiration is fo perfe£l, at lead ac- 
cording to BroufTonet, have the air conducted even into 
the cavities of the greater part of their bones ; and con- 
fequently their organs are more internally lituate than 
thofe of quadrupeds, in which the lungs only, defended by 
the thorax, are more concealed than thofe of the oviparous 
tribes, the refpiratory organs of which are placed externally 
during the firft period of their life, and internally the re- 
maining part, when their metamorphofis obliges them to 
breathe the atmofpheric air. The organs of iiihes, or 
their gills, are nearly uncovered, aitd may be feen with- 
out deflroying or taking away any part; but as they 
breathe in a more perfed manner than the mollufca and 
aquatic fhell-fiih, their organs are even more concealed; 
in which laft they are mofl commonly fitiiate externally, 
and . are perfeilly expofed. It is in thefe that this func- 
ti<m appears to be nearly effaced; and, in order to dif- 
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* cover ijt^ we can^ in general/ be guided only by at)«<* 
logy. In the vegetable tribes the leaves are their r^fpira* 
tory organs^ and are only of. ufe during a part of tlie 
Knowledge year : in winter they are deprived of theoa. Tlie abfolute 
cfrntt on" nec^ffity of breathing muft certainly have been known to 
this £ubjea. the earlieft ages of antiquity : it's great importance feems 
even to have been acknowledged by Mofes : — ^^ And the 
^^ Lord God formed man of the dufl: of the ground^ .a«i 
^^ breathed int$ his nqftrils the breath af Uft^ and man bi* 
^^ came a living fouL*^ Gen. ii. 7.^But the difcoyery of 
it's ufe^ and more particularly the procefs which is car- 
ri^ on in the fyftem during refpiration^ is^ lik« moft 
other difcoveries of the firft magnitude^ only of modccb 
date I nor <^ould the ancients have been capable of £»ra- 
ing any tolerably precife idea of the fubje^ from their 
ignor^ce of the nature of the atmofpbere itfelf. We are 
informed by Diodorus Siculus^ it was an opinion amongft 
ifae ancient Egyptians, that ihe atmofpbere was incdrrup- 
tible I that it was of fuch extent as to reach even unto 
Heaven ; that it's moft important office was in concnrriiig 
towards the generation of all animals j and it appeatiB, 
from, the epithet of Glaucopis, which they gave to the 
goddefs of the air, that they confidered th^ blue firma- 
ment as peculiar to it's colour. This opinion of ^r being 
the principle of all bodies was fupported by many Oresk 
philofophers, fuch as Anaximepes, Diogenes of Apol- 
Ionia, and Archelaus themafter of Socrates. From the 
natureof air being fo little underftood, it cannot be fup- 
pofed that their notion of refpiration could be very exa£t 5 
and we are informed that Empedoclcs was of opinion it 
was brought about principally by the nofe, and that it was 
determined by the void, which the motion of the blood 
alternately operated in a part of the veins. 

Notwithftanding the imperfect knowledge of the an- 
cients refpefting this fundion, they knew very welWiow 
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indifpcnfable the ncceffity of air was to the fupport of life, 
that neither animal nor plant could live without it. They 
knew that when animals had remained a certain time in 
a given quantity of atmofpherical air^ they began to Ian- 
guifh^ and become to all appearance fleepy ; that this deep 
was at firft peaceable^ but was foon fdlowed by great 
agitation; that refpiration then became difficult and pre- 
cipitate^ and that death fucceeded in convulfions. Thefe Ariaotle. 
ts&s were well kno>«'n to Ariftotle, Eriftratus^ and Are- 
tseus. Hippocrates reckoned air a fpecies of aliment that Hippocrx^ 
' trzs tteoeflary to the animal fy ftem* The opinion, how- ^'' 
*ver, which appears to have prevailed the longeft and moft 
tiniverfally amongft the ancients, was, that refpiration is 
diiefly intended to temper the blood, and carry off the 
fuliginous vapours with which it is loaded by the vital fire . 
eonftantly kept up in the heart. This hypothefis was 
firongly fupported by Gralen. Four ages after Ariilotle ^aita. 
we find the knowledge of this fubje6k fcarcdy any fur- 
ther advanced. Pliny calls the air the vital fpirit, and Pihiy. 
Cicero affirms that the heart imbibes a fpirit from the air. Cicero. 
Among the modems, Defcartes revived the hypothefis nefcxrtes. 
which Galen had fo well fupported, and maintained the 
Umt vital fire in the heart, fuppofing that air was ne- 
ceflary to cool and condenfe the blood. Borelli reckons Bweiii. 
the great ufe of refpiration to confift in the admiffion and 
mixture of air with the blood, in order to inform thofe 
elaftic globules of which it is compofed, to give it it's florid 
rednefs, and to prepare it for many purpofes of the animal 
oeconomy. Bathier was of opinion that, during refpira- Bathier. 
tion, the more fubtile and elaftic particles of the air were 
imbibed, and the cruder part expelled through the pores 
of the pulmonary arteries into the trachea. Van Hel- Y,l^^^' 
mont afcribed the volatility of the fixed elements^ in the 
food to this air ; and Stephcnfon thought that the air 
"svhich had circulated in the blood, and which had heated 
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Boyif. it too Inuch, was exhaled by the lungs* Boyle and others- 
thought that the air itfelf is not admitted to the bloody btit. 
that fome adive, fpirituous, aud ethereal particles wjere 
communicated to it ; that this vital fpirit paiTes froml the. 
lungs to the heart and arteries^ and at length becomes the 
animal fpirits^ which are^ by this means^ generated by 
the air. Thofe^ on the contrary, who did not admit that 
the ipuiimal fpirits are. derived frotn the air, dill fay that 
fome other vital frincipU comes from thence. This vital 
principle, imbibed from the air, ; Malpighi calls a faline 
vapour ; Lifter, an inflammable fulfureous fpirit \ Vieuf- 
fens, a volatile acid fait, which keeps up the fermenta- 
tion of the blood ; and Bryan Robinfon, that it is the aerial' 
acid which preferves it from, putrefaftion^ and gives 
flrength to the animal fibres. Hence he fuppofes it is* - 
that we feel ourfelves refrefhed in cold air, as it abounds 
with a more acid quality. But of all the ppinions.tbat 
have been given refpe£king the funikion of refpiratiop, 

Mayow. the theory of Mayow is the mod deferying of attention. 
This celebrated pbilofopher lived about the middle of 
the 17th century. He was contemporary with Boyle, 
Lower, and Willis \ and fo acute was his pbfervation of 
natural phenomena, and fojufl his judgment on the caufes 
which produced them, that, with refpeft to refpiration, 
Dr. Beddoes has very properly obferved he has, in fome 
meafure, anticipated the difcoveriesoftheprefentday.His 
works give an account ^f the ufe of the air in combuf^ion 
and refpiration, or it's diminution and abforption by them. 
They affert, in a very clear and pofitive manner, the ab- • 
forption of one part of the air by the blood, which he 
calls the vital part, as well as the warmth of this fluid 
produced by this abforption, or by the prefence of air in 
the lungs. Mayow has llkewifc fliovvn that the red co- 
lour of the blood, aud the change of the venous into ar- 
terial blood, ciCj end entirely on the Qonta^ of the atmo- 



fphflpic air } and had he known bow to have extracted tlie v 

vital air of the ottnofphere from the fubftances that ab- 
forbed it, had he but known it*a properties when in it's 
pure and ifolated ftate, he would have eftabliftied all the 
principles of the prcfent theory of' combuftion, refpira- 
tioil, toid the formation of acids^ general ideas of which 
are to be ibitnd in hrs works. 

It appeal^ from thefe, that 1 da years ago he had ima- 
gined ah apparatus' by which be could determine that the 
air was in* part tixtdf or diminiihed, and abforbed by com^^ 
buftioHf and refpirati6n ; that thefe two phenomeha a£bed 
upon it in the fame manner ; and that there was only one 
part of th^ air, the moft fubtile and elafliic, which may 
be calted vital, and that ferved both for inflammation and 
leTpirsttifHI. *^ What confirmfl^ our hypothefis,*' fays he, 
'* is, that the air, on coming from the lungs of animals, 
" isfeutid diminifked in it's elaftic force on account of it's 
^^ nitro-^aefial princ^lcs being exhaufted by refpiration : 
"thefe C3ipemnents win prov^ the laft aflertion^ Attach 
" a wet biftdder to the circular edge of the orifice of a 
'^ yeflel^ Kke a Ikin extended on ^ drum ; place a fmali 
" cupping- veflel containing a moufe upon this bladder, 
'^ and' load it with a weight to prevent the animal ovcr- 
" throwing it. A few inftants afterward you will /ee the 
" cup adhering ftrpngly to the bladder, and this puflicd 
^* into the veflel as if the flame had been under it. This 
"phenomenon will take place whilft the animal ftill 
" breathes. If you attempt to take away the cup, you 
" will raife at the fame time the bladder, which ftrongly 
" adheres to it, and with it the veflel it covers, unlefs it 
" be too heavy : and, in effeft, a moufe put into a ciip^ 
" ping-vcflel, and applied to the flrin, is able to fupply, 
" to a certain point, the flame which it is cuftomary to 
" produce in it. The refult certainly is, that the elaf* 
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* * ^ tklty of thfe air contained in the vcffel has been dimi-^ 
•^ niflied by the refpiration of the anipial, in fuch antan- 
*' ner as no longer to fuftain the preffure of the atmo^ 
'^ fphere. 

f *^ To give a better conception of fliis j^fult, we (hall 
** add another experiment analogous to it, which will 
'^ ferve to determine what fraftion, what part of the air, 
^^ deprived of k's vita) partioles by refpiradon, i» diminiih- 
^^ ed in it's vokmie. An animal is to be placed ia an in-^ 
<^ verted glafs, or fufpended in a prifon or grate at the 
^^ top of a glais cucurbit : the orifice of the cucurbit 10 
^^ then placed in a jar, and plunged into water, in fuch a 
^^ manner as this may rife to the fame height as externally, 
** which may be attained by the affiilance of a crooked* 
^^ fyphon already defcribed: the exterior water is tb.b* 
^^ fomewhat voided, fo that the water in the cucurbit may 
be better feen.; the height of whi9h is to be marked by 
a paper glued upon the'outfide of the veffeK' The 
^' water foon rifes in the cucurbit, and continues to rjfd 
*^ by degrees, althoqgh the heat produced by the animal> 
*^ and the exhalations produced from it's body, would feem 
•* tp produce a contrary efTeft. In order to terminate the 
*^ contraAion the air in the veflel undergoes before it is 
*^ become incapable of fupporting the life of the animal, 
*^ the following method may be employed : the fpace oc-' 
*' cupied by the air is 10 be mcafured at the moment the 
** moufe is introduced, and afterwftfd that to which it has 
** been reduced after the fuflTocation of the animal, and 
*' the afcent of .the water, which is done by the volume 
•^ of water employed to fill thefe fpaces : leaving the ap- 
*^ paratus in the fame date, the height of the iirft fpace 
*^ above the fecond^ is then to be calculated, and the dif- 
** ference is the meafure of the volume and of the elafticity 
" diminilhed by the refpiration of the animaL I am 






i 



RESPIRATION. 35 

^' afliirfed by different experiments made ^'ith different 
^* animals, .that the air lofes about one fourteenth of it's 
^ volume by refpiration, 

^^ It is then very evident, that animals in refplring abforb 

*' certain vital and elaftlc particles from the air. There is 

** ho doubt but that there enters, by refpiration, fome- 

" thingaerial intothe blood of animals which is neceffary 

*^ to life. It is not only for the attrition of the blood that 

" the kings and their funftions are deftined> &c. nor is 

" it certain whether this aerial principle is abforbed by 

" the capillary tubes, or the extremities of the fanguineous 

" Veffels r but the air is not lefs deprived of it's elafticity 

" by refpiration than by combuftion j and there is reafon 

'^ to believe that animals take particles of the fame fort 

" as fire does from the air, as the following experiment 

" proves, 

" If an animal and a latnp be enclofed hi a glafs veffel 
"which has no communication with the external air, 
^ which is eafily done by inverting this veffel into water, 
" the light will foon be extinguiflied, and the animal will 
"not refift a long time this cruel torcj)^ taedae ferali. I 
" have found by obfervation, that an animal enclofed in the 
" fame glafs with z lamp does not breathe longer than 
"half the time it would have done if alone. It is not the 
" fmoke which fuffocates it; for fpirit of wine, that affords 
" np fmoke, produces the fame effeft : but the air, yicld- 
" ing it's nitro-aerial particles to the flame, can no longer 
"furnifli the animal with them. This has no occafion 
" for fo many igneo-aerial particles as the lamp ; for the 
" tangs, as \% were, go in fearch of them to abforb them : 
" as to the flame, it is neceffary for them to be near it, 
" prefeht themfelves, and be inccffantly renewed : hence 
" the animal exifts fome time after the extinftion of the 
" lamp, and when the aerial particles arealmoft entirely 
" exhaufted. • It is on that account that the air in which 
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** the animal is fuiTocated undergoes more than twice the 
^^ diminution of that in which a candle is extinguiihed^ 
^^ as has been feen. I have tried in vain to light again^ by 
*^ the affiftanceof a burning glafs, the combufiible matter 
^^ contained under the fame veffel as the animal that had 
^^ expired ; and although it is poiSble that the foggy feafpn \ 
** of the winter may have produced fome incertitude in . 
*/ this experiment, it is not lefe probable that the air 
^^ which is ho longer proper to fupport the life of animals 
*^ is no longer fo to fupport flame, fince more aerial par- 
^^ tides are necefTary for the inflammation of the lamp 
^^ than lor refpiration : it is however not to be concluded 
^^ from hence that the mafs of blood is in a real combat 
"tion/V 

He alfo obferves,. that mice and birds placed towards 
the fuperior part of the cucurbit died fooner than thofe 
in the inferior part ; and that in the flril: cafe the water 
did not rife fo high. He obferves, that if two animals be 
put at the fatue time into the fame veffel, the one in the 
top part and the other below, the fir ft foon dies, and the 
other furvives it for fome time ; from which he concludes 
that the air, deprived of it's nitro-aerial particles, is be** : 
^pme lighter, and that the part of it which ftill prcferveS ; 
them occupies the inferior part of the veflel. He fays, 
therefore, that an animal which begins to fufFer from 
watit of air raifes it's head towards the upper part of the. - 
Yi^el} butfinding itfeIfmoreaffe£):ed in this place, if iib- 
mediately plunges it's head below again, and keeps it fixed 
at the bottom. He applies the fame remark to a candle^ 
which, when carried to the top of the veflel, is extia- 
guiflie4 much fooner than below^ becaufe the air be* 
comes incapable of fupporting the flame } andfincoitii 
4)ecotoe at the fame time lighter than the atmofpherical 
air, it is puihed towards the top of the cucurbit, and not. j; 
permitted to depart 5 which proves that the air is depriyed 
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of certain folid aiid heavy particles by in^ammation and 
refpiration, fince it acquires ligbtnefs on coming fi^m the 
flame and the lungs. 

He likewife obtained^ without knowing it^ nitrous air 
or gas (by the means of iron wire and the nitrous acid) ; 
aiid having obferved the diminution of air by this gas^ he 
with reafon compares this effeft to that produced by can- 
dles and refpiration, fifty years before Hales had obferved 
the fame, and a century previous to the difcovery of 
Prieftley refpefting nitrous air, and it's property of form- 
ing nitrous acid with the vital air of the atmofphere. He 
is of opinion, that the nrtro-aerial fpirit is condenfed in 
the fame manner by the blood as by the iron-wire i^ the 
nitrous acid (by which he procured the gas), /• e^ by fer- 
mentatiop : hence it is to the fanguineous fermentation that 
he attributes the fame condenfalion in refpiration. He 
thinks that the fermentation of the blood is produced by 
the condenfation of the nitro-aerial fpirit, and this coQ- 
denfation by the fermentation of the blood ; for, the par- 
tides of this fpirit once condenfed, he admits thwintro-^ 
du£tion into the mafs of the blood; and to thefe he at* 
tributes it's red colour, it's heat, and fluidity. It is on this 
account, he fays, that the blood is black in that part which 
does not touch the *air, and very red in that part which 
is in conta£): with it ; that the venous blood is bkck> )Einft| 
the arterial of a fplendid red ; that violent exercife beats^ 
by multiplying the infpiratipnsj- that * perfon becomes 
warmer by voluntarily increafing His refpiration ; that the 
fevers of cbhfumptive people arife from the force with 
which the, pus of the lungs attrads and abforbs the 
iiitro-aerial fpirit, with which it produces a great fermen- 
tation ; that, venous and arterial blood being placed under 
the vacuum of Boyle, the fifft only offers a few blebs, 
whilft the fecond is totally converted into foam. - He 
idd^i th{^t tbii mtro-aerial fpirit gives the red colour to 

P3 



^* LIFE. 

bodies in which it exids^ as to the fuming fpirit of nitre. 
He compares the heat produced by the condenfation of 
this fpirit in the lungs, \vith that produced by pyrites in 
effervefcence ; and he attributes the vitriolization to the 
fgm^ canfe. 

Such are the principal fafts which Mayow delivered to 
pofterity, at a time when the fubjefts on which he treated 
were little underftood, and his experiments ftill lefs fo, 
by the age he lived in, No philofopher,^ at the end of the 
laft century, had given any theory of combuftion and rc- 
fpiration, or any acdbunt of the analogy between thefe 
two natural phenomena ; of the reciprocal iniluepce be- 
tween thtfni and the air; and of the efFefts produced by 
this fluid compared with thofe of nitre^on combuftible 
bodies, v/'ith fo much detail and fagacious ingenuity as 
this phyfician. His works form an epoch in the annals 
pfrefpiratjon. In givingMayowall themerit due tohim, 
it appears, however, that although he had determined 
with great precifion the ufe of the nitro-aerial fpirit of 
. the atmofphere to be to warm the blood and give it 
^ It's brilliant red colour, he was ignorant whence thefe 
phenomena arofe, and how the air contributed to it: and 
^Itliough thefe nitro-aerial and igneo-aerial particles. may . 
^ hjB looked, upon as the vital air or oxygen gas of, the 

moderns, he knew nothing of it's properties, nor .the 
change it underwent by the aAion of flame and refpira- 
tion. ,Thefe explanations were referved for Prieftley and 
^J^avoifitr. 
j^aipighi. JVJalpighi has b^?n already mentioned. It was a re- 
ceivpd opinion, thai one ufe of the lungs was to attenuate 
the bjood ; and, according to Malpighi, the different 
parts of the blood by this means become thorouehly 
mixed together ; while others were of opinion, that the 
blood is condenfed in the lungs ; and others, that the glo- 
jjiiles and all the finer humours receive their xonfiguratioj^ 
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^bere. Some, without cotjfidering the air as of any other 
life than to put the lungs in motion, thought that heat is 
produced in the lungs by the attrition of the blood in 
pafling through them. The red colour of the. blood has 
been thought by Tome to be caufed by this attrition in 
the lungs ; but Lower refuted this notion, chiefly by ob- Lower, 
ferving that the attrition of the blood is greater in the 
mufciesi^ from whidi, however, it always returns black* 
Whytt thought there was fomething of a vital and 
Simulating nature derived from the air into the blood* 
Sir Ifaac Newton imagined that the atmofpheric air might Newton, 
communicate an acid vapour to the blood in the lungs, 
wliich was neceflary to keep up the aftion of the heart. 
According to Boerhaave, air which has not been changed Boerhw\c. 
is deadly 5 not on account of beat, rarefaftion, ordenfity, 
but from fomc other occult tauje. 

Dr." Hales^ who, if we except Mayovv, has throwii Hales. 

tdott fight on the doftrine of air than any of his prede- 

teflbrs, was equally ignorant of the ufe of it in refpii^* 

fion, ind feems to have adopted, at different times, dif-' 

ferent ideas of it. It dppears, from various paffages ia 

his Statical Experiments, that he believed thfe red parti- 

des acquire confiderable degrees of elaftic vibrations, if 

aotanelearical virtue, in pafling through the lungs; 

' *^ for (fays he), while by the extraordinary friftions they 

" undergo they are much heated and dilated, they are at the 

** fame time refrigerated and contrafted by the frefh air 

*^ that is continually taken into tbe lungs ; for the coats of 

^* the veficles are fo extremely thin, that thofe two fluids affe 

** fuppofed to be 1 - 1 000th part of an inch within conta£t 

** of each other : fo that, like blended liquors, they mufi: 

^ needs have a confiderable effeft upon each other ; the air 

^^ in cooling the blood, and the blood in warming the air.*' 

He is likewife of opinion, that the red colour of the glo- 

brfes intimates their abounding with fulphur; that the 

P 4 



40 LIFE. 

air is rendered dlkalipe by breathing ; andtbat fuflbcadon 
ia owing to the collapSng of the mtnuti;: veiicles of the 
lungs, in confequence pf the confined air bdng deprived 
of elafiicity^ and the ccmtraAion occafioned by the fii*- 
/ emulating fulphureous vapour. He fayd the venooa bloo4 
is not florid; which fioridnefg in the arteries may be owing 
to the greater velocity with which it pafles through th^ 
lungs than other parts of the body; for blood agitate^ 
much in a clofed veflel was obferved to become very 
florid, even as much as arterial i t)ut the great purpqfe 
of the lungs is to refrigerate the blood. 

Haller. HaJler, after giving the opinions of all that went before 

him, fays that the ufe of the lungs is partly inhaling and 
partly exhaling ; that the lungs inhale both water and 
air, but that in them the air lofes it's elafttc-prorpsrty, fo as 
to be eafily'foluble in water or vapour ; and he thinks it , 
probable that the air feryes as a cement to bjnd th^ earthy 
parts together. He does. not doubt but that various other 
matters, mifcible with water, are inhaled by the lungs; 
and he thinks it not improbable but that the air may carry 
fome ele^Sric virtue along with it. The principal exhah" 
iion of the lungs he thinks to be water, abounding, with 
oily, volatile, and faline principles ; and thefe oily; and 
foetid vapours, he thinks, are the fuligina of Galen and 
the ancients. 

Cigna. Cigna, in a work De Refiiratione, takes it for granted 

that air which has been once refpired becomes unfit bt, 
further refpiration, becaufe it is loaded with noxious va- 
pours, to be known by their foetid fmell. He fays that air 
is diminifhed by refpiration ; and that air which has been 
breathed fuffbcates by means of the irritation it occafionii. 
to the lungs, by which the bronchia, and the lungs them* 
felves, are contracted fo as to refift the entrance of the 
air ; and therefore that refpired air is noxious on the famcf 
accoui^t asmephitic vapour^, or thofe of burning fulphur ; 
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that in frequently breathing the fame air it becomes fo 
loaded with thefe vapours as to excite a convuliion of the 
]ung«, and thereby render them unfit for tranfniitting the 
blood. He fuppofes that air enters the pores of the blood, 
telaining it's elaftic power ; and that it continues at reft 
therei becaufe it^s .endeavour to efcape is counterafted by 
the equal preiTure of the ambient medium. This air he 
thinks is introduced by the chyle^ and never by the way 
of the lungs, except when, by fome means or other, the ' 
equilibrium between the air in the blood and the external 
air is loft. If the external air be rarer than the internal, 
the air in the blood, expanding itfelf, will inflate the ani- 
mal, and have the fame efte£k as air introduced into the - 
veins. 

Upon the whole, he concludes that the principal ufe of 

air to the hh$d is to preferve the equilibrium with the ex- 

tenii^ air, and to prevent the veflels f^om being rendered 

unfit to tranfmit the blood, on account of the external' 

preffure; whereas^ by means of the air they contain, the 

fluids movein' their proper veflels as freely as ixivacuo^ 

and the membranes and vifcera alfo eaflly Aide over each 

6ther« -With refpeft to the ufe of the lungs^ fince he 

imagined that air is not introduced into the blood by 

mians of them, he thinks that becaufe fuch lungs as thofe 

of men are given to the warmer animals only, the chief 

ufe of repiratioli is . exhalation, and confequently the 

cobling of the blood. 

On cafting the eye over the variety of opinion^ which 
fbrib many centuries have taken place of each other re- 
^6tiogtheufe of refpiration, it may appear fomewhat 
extraordinary that no one fhould have been fo fortunate, 
i£ we except Mayow^ as to conjecture rightly ; but this 
fbrprife will be diminiflied on confidering, that, before any 
Teal light oould be thrown on this obfcure fubjeCl, it was ne- 
eefiary that the nature and component part of the atmo«» 



' fphere we breathe (hould be inveftigated and made knowti. 
Some chemical philofophers were engaged at the, fame 
time upon this interefling fubjeS^ and their labours- upon 
the air and the different gafe$ have been crowned with 
bifcovery fuccefs. A pur« aerial principle was found to exift in the 
gas ia the ^ir much about the fame time by Dr. Priedley^ who called 
auno phere. jj. dgphlogiflicated air j by Scheele, who named it empynal 
'air ; and by Lavoiderj who gave it the name of bighfy 
refpirahle or vital air : and as it was afterward found by 
the French chemifts to be the acidifying principle to the 
bafis of acids, they call it oxygen^ or, jn it's cornbiaation 
with caloric, oxygen gas» What therefore was only con- 
je£lured by Mayow to form apart of the atmofphere, 
has been proved, beyond a doubt, to be the great s^ent ia 
the office of refptration ; and as Boyle, Hales^ Black, and 
PrieilJ^, may be confidered as the firft who obferv^ 
' with accuracy that refpiration exercifes an evident action 
oa the atmofpheric «ur, that it diminiOies it's volume and 
changes it's nature, and that, ia a very fhort fpace 9f 
time, the fluid made ufe of by this function lofes tha 
property of fupportuig any longer the life of animals, a 
clew was prefented to the chemical phyfiologifl; that 
would lead him to account for all thefe phenomena. ^ 
Stahi'f At the time of the difcovery of oxygen, as compofing a 

part of the atmofphere, the prevalent doftrine was that of 
Stahl. Beccher had imaging jSl fubftance to exift in in- 
flammable bodies, which is the principle of inflammability, 
and wbigh is called phlogiJion\ and the genius of Stahl 
bad matured this into a theory, by which he accounted 
for almoft every chemical phenomenon* The phlogiftic 
fluid was either imbibed by or extricated from every thing. 
The feftaries of Stahl applied this do6lrine to explain the 
elTeAs of refpi ration ; and they fuppofed that, during the 
aftionof this funftion, a certain quantity of phlogiftoa 
^ w^ fi^h^led from the blood as it paflcd through the l\i«gs. 
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which they fald phlogiflicated the refpired air in the fame 
inaaner as they had adrhitted it's ph I ogifti cation by com- 
bullion, the calcination of metals, and other proceffcs 
which they called phlogiftic. 

Amongft thefe philofophers was Dr. Prieftley. ^He r>r.Prieft« 
informs us, that the property'in the air which contributes 
to the fupport of life, and the reafon that air which has been 
much refpired will no longer ferve that purpofe, were not 
difcovered by any body 5 and they might have continued to 
elude all direSi invejiigation, when they difcovered them- 
(elves in the courfe of expcrinlents upon airs which had at 
firft quite another objeft. According to this philofopher, 
in the experiments it clearly appears, that refpiration is a 
phlogiftic procefs, afTefttng air in the very fame manner 
OS every other phlogiftic procefs, fiich as putrefa6^ion, 
the effervefcence of iron filings and fulphur, or the calci- 
natiou of metals, affefts it, diminifliing the quantity of < 
itin a ce^rtain proportion, leflening it's fpecific gravity, and 
rendering it unfit for refpiration or inflammation, but 
leaving it in a ftate capable of being reftored to a tolerabk 
degree of purity by agitation in water, Sec. Having dif- 
covered this, he concluded that the ufe of the lungs is 
to carry, off a putrid effluvium^ or to difcharge that phlo- . * 

gifton which had been taken into the fyftem vnih the 
aliment, and was become, as it were, effetey the air that 
ii refpired ferving as a menftruum for that^purpofe. He 
thinks the ufe of refpiration is confined to the blood, in 
confequence of it's coming fo nearly into contaft with 
the air in the lungs, the blood appearing to be a fluid won- 
derfully formed to imbibe and part with that fluid called 
f hlogifton, changing it's colour in confequence of being 
changed with it or freed from it, and aflefling aif in the 
very fame manner, both out of the body and in the lungs, 
even when various fubftances are interpofed which prc^ 
ycnt it's coming into in^mediate contafl: with the air. 
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The black colour of blood Dr. Pricftley accounts for 
as arifing from imbibing phlogiAon^ as may- be feen 
from, his experiments quoted on the colour of blood; 
and when he had found how readily pieces of blood 
changed their colour according to the quality of the air 
to which they were expofed, the next thing wks to exa- 
niine the flate of that air^ to find what' change had taken 
place in it ; and as dephlogifticated air admits of a more 
(bnfible change of quality than common airj be gave it 
the preference, putting a piece of crafTamentum, about the 



fize of a walnut, into about five ounce meafures of this 
air. 
* This procefs he continued twenty- four hours^ changiiig 

the blood ten or twelve times ; after which he found the 
ait fo far depraved, that whilft, at the beginning of the 
ei^riment, one meafure of it and twoof nitrous air oc<- 
Gupied the fpace of no more than half a meafure, the 
fame mixtures afterwards occupied the fpace of a uieafure 
and a half. Now, fince air k univerfally depraved l^ 
pbbgiflon, and in this fenfe by nothing elfe, he thinks it 
is evident that this black blood mvifl: have communicated 
phlogifton to the air, and of courfe it's change of colour 
from^ black to a florid red muft have arifen from this fepa^ 
ration of phlogifton. 

The next dayi when of courfe the blood was nearer 
to a ftate of putrefaftion, in which every kind of fuh* 
ftance will injure refpirable air, he put a quantity of red 
blood ting^ In a few places with black, which he, could 
not eafily feparate from it, to about the fame quantity ^f 
the fame dephlogifticated air, and fufFe?red it to ftand, 
without changing, for the fame fpace of time | when it 
was fo little injured that the meafurefj above mentioned 
•ccupied the fpace of only two thirds, of a meafure, 
. . That blood has a power of tak'mg phlogiftOn from 
air, as well as imparting phlogift^^ to ajr^ he f^trsfic^ 



himfelf by cxpofing blood of a very beautiful florid colour 
to nitrous, inflammable, and phlogiflicated airs. Thti 
two firft kinds of air were confiderably diminiflied by the 
procefs, Avhich was continued two days, and the blood 
changed five or fix times* 

The nitrous air loft a great portion of it's power of 
4iminifliing5 /• ^« phlogifticating common air: for now 
two meafures of copimpn air and one of thi^ occupied 
the fpace of two meafures and a quarter^ inftead of one 
meafure and three quarters. 

The inflammable air, though ftill Inflammable, was 
rendered in fome degree wholefomeby the procefs ; being 
after this confiderably diminiflied bynitrous air, which is 
a fiate to which it is brought by agitation in water, and 
which, continued longer, deprives it of it's inflammability 
likewife. Hence, in both thefe cafes, the red blood, by 
becoming black, received phlogifton from thefe two kinds 
of air. As to phlogifticated air. Dr. Prieftley only ob- 
ferved^ that after a few hours expofure to red blood it 
wasfenfibly, but not much, diminiflied by nitrous air, 
which othcrwife it would not have been in the leaft de- 
gree. This Wood, however, was of the Hghteft colour^ 
Of the m©ft free from phlogifton, of any he had feen : 
and he has tried the fame thing, without fuccefs, with' 
blood of a lefs florid colour, though as florid as the com- 
mon air could make it. But as the proper function of the 
blood is not to receive (meeting with no phlogifticated air 
during circulation), but to communicate phlogifton to air, 
there is not the fame reafon to expe6i that air will be 
mended by red blood, as that it will be injured by black 
blood. Dr. Prieftley had imagined that, fince black blood 
contains mpre phlogifton than red blood, a fimilar dif- 
ference would have appeared in the air produced front 
them, either by being fimply diflblved in fpirit of nitre, 
or wlien dried and made into a pafte with this acid* 
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But the difference was too fmall to be fcnfible to this kind 
of teft. He ufed blood from the vein of a fheep, and 
from it's carotid artery^ Th6 quantity of air from the 
pafte was very great, and produced irregularly, as is the 
cafe when pioduced by a folution in fpirit of nitre without 
drying. Half the produce was, fixed aif, and the reft 
phlogifticated, except that a candle burned in it with at 
lambent blue flame. From this experiment, however, it . 
is evident that, even the moft florid blood contains a 
confiderable quantity of phlogifton, for otherwife this 
air would have been dephlogifticated. He found great 
difference in the conftitution of blood, with refpeft to it's 
property of being-afiefted by the i^^fluence of the air,^ 
fome becoming very foon of a light florid "colour, and 
the ftratum of this colour foon growing very thick : 
others, in the moft favourable circumftances, continued 
much darker, and the lighter colour never penetrated 
far. 

Being convinced afterwards of the reception of dephlo- 
gifticated air into the blood, bcfides the emiffion of phlo- 
gifton from it. Dr. Prieftley wiftied. to determine bow 
much of the dephlogifticated air enters the blood, a part 
of it being employed in formmgiht fixed air, which is the 
produS of refpiration, by it's uniting with the phlogifton 
difqharged from the blood. 

To determine what proportion of dephlogiflicated air, 
deftroyed during refpiration, is employed in forming fixed 
air, it was neceflary to afcertain the proportion of dephlo- 
gifticated air and of phlogifton in the compofition of 
fixed air. He therefore 

Heated charcoal of copper in 41 oz, m. of dephlo- 
gifticated air, of the ftandard of 0.33^ till it was reduced 
by waftiing in water to.Soz. m. of the ftandard of 1.33, 
Again, he heated charcoal of copper in 40.5 <>z. m, of 
.dephlogiftioated air, ft. 0.34, till it was reduced to 6 oz. zs* 
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ft. 1.7fl 3 and in each there was a lofs of 6 grs* of the - 
charcoal of copper : fo there cannot be more than 6 grs# 
of phlogiftoix ih 33 oz. m. of fixed air; hence very 
little more than one fourth of the weight of fixed air is 
phlogifton. 

He heated perfeflly well burnt charcoal of wood in 
60 oz. m* of common air^ and found one- fifth of the 
■ remainder to be fixed air^ the refiduum, ft. 1.7. Laftly, he 
heated 8} grs. of perfect charcoal in 70 oz. m. of dephlo- 
^gifticated air, ft. 0.46, when it ftill continued 70 oz. m. ; 
but after wafliing in water it was reduced to 40 oz. m. 
ft. 0.6. and the charcoal then weighed 1$ gr. : fo tha^ 
from thefc experiments with common charcoal, as well as * 
from thofe with charcoal of copper, about one fourth of 
the weight of fixed air is phlogifton, and contequently 
the other three fourths are dephlc^ifticated air. 

Dr. Prieftley then wifhed to afoertain the quantity of 
fixed air formed in refpiration from atmofpherical and 
dephlogifticated airs, in order to determine if any pari 
' remained to enter the bloody after forming this fixed 
air. 

For this purpofe he breathed in 100 oz. m. of atmo- 
fperical air, ft. 1.02, till it was reduced to 71 oz. m., 
and by wafliing in water to 65 oz. m. ft. 1.45. The 
computations made as before, it will appear that, before 
the procefs, this air contained 67.4 oz. m. of phlo- 
gifticated air, and 32.6 oz. m. of dephlogifticated air ; 
that after the procefs there remained 53.105 oz. m. of 
phlogifticated and 1 1.895 oz. m. of dephlogifticated air, 
and there were only 6 oz. m. of fixed air produced, for 
the quantity abforbcd during the procefs could only have 
been very inconfiderable. It will therefore be evident, 
that in this experiment 20.7 oz. m. of dephlogifticated air, 
which would weigh 12.42 grs., difappeared: whereas all the 
fixed air' that was found would only have weighed 4.4rgrs. 
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tod one fourth of this being phlogificJn, the dephlogifti- 
cated*air that entered it would have weighed only 3.3 grs. t 
confequently 9.12 grsi of it mull have entered* the blood J 
which is three times as much as that which did not ehter^ 
but was employed in forming the fixed air in the lungs. 

He breathed in 100 oz. m. of dephlogiflicated air, 
ft. 1.0 till it was reduced to 58 oz. m.^ and by wafhing to*' 
52 oz. m. ft. 1.75, with two equal quantities of nitrons air. 
The computations being made, it will appear, that before 
thisprocefs this air Contained 66 oz. m. of phlogifticated 
and 34 oz. m. of dephlogifticated air ; and after the pro« 
cefs there were 30.368 oz. m. of phlogifticated, antf 
SI. 632 62. m. of dephlogifticated ^r. In this cafe, there*- 
fore, the dephlogifticated air that difappeared was 
13.3 oz. m., weighing 7.8 grs., and the fixed air was 
6 oz. m., weighing 44 grs. : fothat here alfo about three 
times as much entered the blood as did not. 
' Thefe experiments he repeated, and always with the 
fame refults ; the greateV part of the dephlogifticated air, 
but never the whole, pafling the membrane of the lungs, 
and entering the blood. 

Dr.'Prieftley is of opinion that part of the phlogifti- 
cated air entered the blood as well as the dephlogifticated, 
the dephjpgifticated air confumed not being of the pureft 
Jcind. He thinks it very probable, that the deficiency of 
phlogifticated air was owing to the greater proportion of 
it in the lungs after the procefs than before. 

When he breathed dephlogifticated air that was very . 
pure, he generally found lefs lofs of phlogifticated air, 
and in one cafe there appeared to be an increafe of it ; 
but there will always be fome unci^rtainty in the refults of 
the long continued refpiration of any kind of air, as the 
operation becomes laborious at laft, and the quantity of 
- air infpired and expired is therefore greater than at firft. 
Being aware of this circuraftance, he endeavoured to 
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obviate it'§ effefts by leaving off with his lungs, as nearly 
as he couldjiidge, in the famie ftate of diflenfion as when 
he began, which was always after a moderate expiration; 
fo that two or 3 oz. meafiires would have made' a very 
fenfible difference, as will be found by aftual trial. — Such 
are the Ideas of this celebratjfl philofopher on thefunftioa 
of refpi ration. 

The two great Swedifh chemifts appear to differ from Bergman. 
Prieftley. ^^Sergman and Scheele affirm, that the lungs, Scheeie. 
or the blood they contain, abforb phlogifton from the at- 
mofpheric air, inftead of rendering it, and they have 
fupported this opinion by very ingenious experiments ; fo 
that, according to them, the atmofpheric air, being de- 
prived -of it's phlogifton by the lungs, becomes incapable 
of entertaining life by ferving refpiration. 

This irigenious Italian philofopher is of opinion, that Fonuna* 
he has prqji^ed, from experiment, that not only phlogifton 
is feparated- from the lungs, but that fixed air is alfo dif- 
ci^gaged from them; of which l^ft fa6l he looks upon 
himfelf to be the difcoverer. The office of refpiration, 
according to Kontana, is that of defJtiving the blood of a 
fuperabundance of- it's phlogifton. He thinks that the 
caufe of fuffopatiori in refpired air arifes from two caufes ; 
for, fince the air is found to be compofed of two parts, 
viZi fixed and phlogifticated airs, the fixed air aSs upon 
the lungs and deftroys life, becaufe it is not only incapa- 
ble of fupporting life, but afts as a real poifon, and may 
be called a pofitive. caufe; and the phlogiftic air cannot 
entertain life, although innocent of itfelf, poffeffing no 
adive power : but the-animal dies in it merely through 
want of atmofpheric air ; and this may be called a nega- 
tive caufe. He thinks that«/me part of the fixed air ex- . 
pired by the lungs ought not to be attributed to the pul- 
monary phlogifton, as is generally believed, but that it is 
generated in the animal machine ; whilft Landriani, in Landriani. 
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oppofitiofi, agre;e9 with others, that it arifes from the ex- 
pired phlogifton aniiing with the atmorphertc air. 

Lavpifier, from bis experiments on different airs and 
ou the air of the atmoTphere, found that dephlogifticated 
air might b^ wholly converted into fixed atr by the addition 
cf powdered charcoal ; and be read a paper to the Academy 
' upon this fubjeft in 1 7 7 5 : he thought therefore that re^i- 
lotion might be on^ procefs by which this is brought about | 
and having found that the atmofpbere we breathe <:!0nt^Q9 
about onp fourth part of vital air, and three fourths oif 
azot ga», he fu(pe&ed tf^at thedephlogiflicated air, whed 
taken into the lungs, i$ thrown out again in the form of 
fixed air ; and that the other part^ whkh enters thelunjp, 
and palTes from them nearly in the fame ftale^ without 
any alteijation, i§ pierely paflive. 

Sufpe£liqg, therefore, the theory of his contecaporariet, 
and finding it contradidory fo a great number of pheno- 
mena, he proceeded on a different plan^ ^nd waa^ by the 
confequences pf kh ei|p^rime|its^ led to form diflereQt 
conclufions. 
JTxper^ Jn order to know th^ fpecies of alteration which hap- 

Lawifier to K^^ *^ ^^^ ^^ ^ft^** having lieen breathed by animals, he 
determine ii^troduced 3, guinca-pig under a glafs bell which con- 

<hc fpecici . . - o . . T 

of altera, t^im^d 248 ipiches of oxygen gas. The glads was plaeed 
undJrg*oer ^^cr m^rcury, and the animjal left \tf in an hour axid 4 

ftromrefpi- qyarler. 

ration. m T f 'f 

To render the comparilbi^ mor^ cafy, be fuppofes 
the quantity of oxygen gas to have been a cubic foot, or 
1728 cubic. inches^ a^d calculates the refults. When the 
animal was withdrawn from the gkfs, thp number of 
iiiches was reduced to \6l^\^ which makes 'a diminution 
of 55? inches : there were foynd at the fame time 2S9J 
incheb of carbonic acid gas, as appeared by the introduce 
tion of cauftic alcali; the refl was pure vital air. 
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By converting thefe volumes into weighty the quantU 
ties of air under the glafs will amount to 

oz. drac. gn. 

Vital aif 1.2. 1^ 

Carbonic acid gas 4..«. , 2 • 15 

Total. ...1 . 4 . 161 
Hence the air in this experiment, although diminifhecl 
by about y\d of it^s volume, wj^s increaTed in abfoluie 
Weight ; from which, according to this philofopher, it 
refults, 

ift. That air extrafts fomethittg from the lungs during 
teljpiration. 

2d. That the fubAance extrafted, combining with vital 
air, forms carbonic acid gas ; and fince it is known that 
there is no other fubftance but carbon poffeffing this 
property, it follows, that by the procefs of rcfpiration a 
real carbonaceous matter is ex'tra£ted. But this increafe 
of weight, which appears to be only 21.87 grs.^ is really 
muck more confiderable than at firft appe^irs credible ; 
for in the above experiment only 229l inches of carbonic 
tdd gas were fxirmed. Now, after fome very exa£t ex- 
periments, it has been found by Lavoifier that 100 parts 
of carbonic acid gas in weight are cbmpofed of 72 of vital 
dr, and 28 of carbon: hence the 229*5 inches of car- 
Ibonic acid gas obtained, contain ' 

gw. 
Of vital air 11.484 

Ofcarbon 4.466 

The 1 1 .4 84 grs. of vital air amount in cubic inches to 

t29T : if, therefore, there was only fufficient vital aii^ufed 

to form the carbonic acid gas, the remaining quantity 

ought to be 1 728— -229|. 

1498} 

There was found only • • t • ^ * • 1443| 

Confequently a deficit of ••••••••• • %\\ 

B2 
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. Hence, according to Lavoifier, indepehdehtly of the 
vital air converted into carbonic acid gas,, a portion of 
that w'Tlich entered into the lungs did not return in an 
elaflic ftate; and therefore one of -two things nmft have 
• happened during refpiration : a portion of the vital air 
either united with the blood, or combined with a portion 
of hydrogen gas to form water. Suppoiing the laft, it is 
eafy after the above experiment, fays this chemift,' to de- 
termine the quantity of water formed by refpiration, and 
the^ quantity of hydrogen gas extrafted from the lungs. 
For fince, to form 100 parts of water, 85 parts of vital 
air in weight and 15 of hydrogen gas are employed, it 
follows^ that with the 34 inches of vital air found want- 
ing, 32.25 of water ou^ht to be formed ; and that there 
" were 4§ grains of hydrogen gas difengaged from the lungs 
of the above-mentioned animal. From this and .other 
Hi? conciu- experiments he was led to conclude that refpiration only 
aAs on the portion of oxygen gas contained in the atmo* 
fphere,; that one portion is converted into carbonic acid 
gas, vvhilft the other is employed to form water. 
Compofi- According to Lavoifier, the atmofphere is compofed of 
atmJiphtre. ^^^ of purc air and 0.73 of azot ; but it had long been 
fufpefied by d.e la Metherie that fixed air likewife made 
a part of it, and Humboldt has fince proved he was right 
in his conjeSure. He found that in it's ordinary quantity 
it amounts to 0.014, that it's maximum is 0.018, and it's 
minim ^im 0.005 j and this quantity is fo ftrongly allied to 
the azot and oxygen* as n6t to befeparated by the greateft 
' portion of water the atmofphere contains. According to 
this chemii}, it appears likewife, that it is not the quan- 
tity alone of oxygen contained in the atmofphere that 
renders it proper for refpiration, as in mines he found' air - 
which cxtinguiibed light and KjUcd animals, that contain- 
€d even 0.27 of oxvffcn. ' 

Hence he afBrms^it is aot the default of oxygen that 
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renders noxious atmo^'phcrcls or mofcts fo mortal, birt the 
manner in which this oxygen is combined. The atmo- 
fphere therefore is not a fimple mixture of 0.^7 of oxyccn, 
0.72 of azot, and 0.0 1 of carbonic acid, but there is a 
real combination of all thcfe principles united to the * 
aqueous portion : he found that the oxygen the atniofphere 
contains varied from 0.23 to 0.29. « 

It appears there was no experiment of importance to Expr> 
determine th6 quantity of air the lungs contain, until that ^g^erm^ie 
made by Borclli in the middle of the lall centurv. Ilav- ^^-^ quantity 

. ' ol air tlte 

?ng breathed through aglafs tube of which the volume lungs con- 
was afcertained, and of which one end was immcrfcd in '' "* 
fome bubbles of foap, he found the quantity of air re- 
ceived into the lungs in one infpiration to be about 15 
cubic inches ; and towards the end of the experiment to 
be between 18 and 20 cubic inches. Tliis experiment 
however is liable to objeSion ; for it is, according to 
Menzies, not only inaccurate, from the friclion and other 
caufes, but it is only the meafure of one infpiration. 

The next author is the celebrated Jurin. He fufpended jurin. 
a weight to the lower part of a bladder, previoufly moift- 
ened ; and having' fixed a tube of about an inch diameter 
ill the upper part, he (lopped his noftrils and infpired the 
air o£ the bladder gently, during three minuted, the 
weight remaining all the while on the table. He then 
plunged the bladder, with the air enclofcd in it, and the 
weight fufpend/ed to it, into water contained in a cylin- 
drical veflel ; he then marked the height to which thg 
water rofe. Having now fqueezed the air out of the 
bladder^ he again plunged it into the water with the 
weight. The difference of the height to which the water 
rofe in both thefc cafes was eafily calculated. Having 
repeated the experiment ten times, and added the quan* , 
tities together, the tenth part of the fitm total, o^; the pro- 
portional differertc^of the height to which the water rofe 

E3 
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in both cafes^ was found equal to 35 cubic inchejiy wbich 

is the volume of air contained in the bladder ; and having 

added about the twelfth part^ or three inches, on account 

- of the condenfation of the air from the coldnefs of the 

^ water, ^s it was winter, it amounted to 38 cubic inches. He 

added a ]i ule, both on account of the preffure of the walef 

on the bladder, and of the moifture which is expelled 

with the air, and foon condenfed by the coldnefs of the 

water and of the bladder. He then calculated the quan* 

tity of air, expelled by a moderate expiration in the fpace 

of three minutes, at 40 cubic inches. In the fironge^ 

expiration he expelled 125 cubic inches in the {pace <rf 

a minute ; but in a ftrong expiration, continued nearly 

until fuffocation, he expelled 220 cubic inches firom the 

lungs. Hence it follows that there is more air in the lungs 

thar^ can be expelled by an ordinary expiration. 

This experiment proves that the quantity of air ufually 

^al«f, &e. expired is equal to 40 cubic inches. The accurate ELales, 

Haller, and Sauyages^ who have repeated thefe e^perir 

menis, have agreed that the refult' was the fame. But 

according to Menzies, as it is only the meafure of onQ 

inspiration^ it lies open to the fame obje£tion as thc^ 

former. 

Dr. Good- This was alfo attempted by Dr. Goodwin. He endea- 

'^ voured to breathe from a veflel fuU^of air, joihed by 

means of a tube to ajiother full of water, fo that a certain 

volume of water, equal to that of the air infpired, n^ight^ 

get into the^plac^ of the latter after each refpiration 5 for 

the volume of water, fubftituted to that of the air infpired, 

muft be equal to that of the air cpnfupned in infp^ring. 

Having contrived an apparatus for this purpofe, A 
adult of a middle fize, and in good health, endeavour^' 
to refpire as na^i^rally as poffib)e From this pneuxiuitlCr 
yeffel, and the 

Firft time, be infpired 3 pubic inches > 

Second time, . ^^ 3{ 
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Another perfon of the fame ftature endeavoured to 
breathe out of the veflfel. • 

At the firft infpiration, he breathed 3\ cubic inches; 
At thefecond, 2|. 

But as the difterence of the refult of both thefe experi- 
ments might be fuppofed to propeed from 'the different 
degree of attention, he varied the experiment in this man* 
ner. The fanre man infpired and expired thirty tinies 
out of the fame veffel, and as neariy as poffiblp with the 
fame degree of exertion ; and on calculation the average 
quantity of air of each refpiration was found to be 2^ cu^ 
bic inches. 

Having repeated the fame erperiment with the greateft 
care, the average quantity of each refpiration was found to 
be 3 cubic inches. 

Another man of the fame ftature breathed 30 times 
irom the fame v^fTel, and in. the fame mann^, atid i\re 
^average was 3| cubic inches. Hence it follows that the 
greateft quantity of air recefived into the lungs during each 
fi^uralf refpiration does not exceed 3^ cubic inches; 
which is much kfs than what Hal^s and Jurih bad cal- 
culated. 

In the laft diflertation of Dr. Good Win, it appears th^t 
a dull kind of pain was felt in the cheft brfove tlie mati 
had finifh^d the number of infpiratiotis. Having re- 
moved the tube from his mouth, itwas neceflary to make 
a deep infpiralion ; which appears to Menzies to prove, 
that the quantity of air received into the lungs was not 
fufBcient for the purpofes of refpiration. This defeft 
however is attributed by the author to the iplitationof 
Mtural refpivation, which could not .counterbilauce tb6 
difficulty of raifing water contrary to it*s natural gravity. 
JU an attempt to breathe in the open air would not 
giv^ the meafure of an ordinary infpiration from the ma- 
fchine^ it wm n^fj^flfajry to affift the afEiioii of the lungs, 
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by which the quantity received was much increafed ; as is 
evident from the following experiment^ in which three 
perfons of ordinary ftature infpired from the machine 
30 times fucceffively, and took in as much air at each 
time as the fenfations in the bread feemed to require. The 
average quailtity of air taken into the lungs at a fingFe ia- 
fpiration 

By the firff, was 12 cubic inches, 
fecond, ..14 
■ third, ..11 

Thus Dr. Goodwin concludes the quantity of air in- 
fpired to ba equal to 12 cubic inches, which are dilated 
by heat to 14; and as the quantity of air remaining in 
the lungs, after an ordinary expiratioli, is near 109 cubic 
inches, he concludes, the proportion of the dilatation of 
the lungs, before and after a healthy infpiration, to be as 
109 to. 123. ' . 

Dr. Menzies, who is the laft that has made any experi- 
ments of this . nature, although he is of opinion" that Dr. 
Goodwin has come very near the point, yet in the dif- 
ferent experiments on the fubje£l he found no confidence 
coiild be placed in the method he employed, on acoount 
of the inaccuracies it was liable to; and he freely cpn- 
fefles it was by chance he firft difcovered themv ,« The 
method which Dr. Menzies ufed feems to be fimilar to 
that indicated by Boerhaave. 

It confifts in being placed up to the neck i^ water, and 
judging of the dilation of the lungs from the afcent and 
defcent of the water. Dr. Menzies therefore pnocured a 
hogfliead, the top of which had an opening fufficiently 
large for the head to pafs out ; and a cylinder was fitted 
about his neck up to the chin, by which th^ rifing ani^; 
falling of the water during refpiration might be calcu- 
lated. ^ 

' A healthy man, five feet eight inches high, was fliut 
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up in this hogfh cad, which was filled with water heated 
to 90° of Fahrenheit, as far as that part of the heck that 
was beft fuitcd to nieafure the difference of afcent and 
defcent. This difference was about 1,25 inches. His 
pulfe before and after inimerfion beat 64 or 63, and his 
refpirations were 14 or 14 J in a minute, and they con- 
tinued the fame all the tirne he remained, which wa3 
two hours and upwards^ during which, the afcent and de- 
Jcent of the water were l-^-i^ inch at leaft : but when he 
made a deop infpiration, fo much air rufhed into the 
lungs that the water pafTed out through the cyUnder ; but 
as the area of the cylinder was 55.41 fqu are inches, 
and the area of the neck 18; 55.4i — 18x i.25i=46.76 
cubic inches, the quantity of air ufually refpired by this 
man. This was thrice repeated with the fame refult; 
but to prevent miflake he« was made to breathe through 
an allantoid. 

This allantoid contained 27QO ci\bic inches, which iii 
^piany trials he filled with ^8 expirations, giving 46.55 
cubic inches as the quantity of air expired ; and this cal- 
culation IS very near the preceding one. But as the re- 
fpirations of this man appeared to be never more than / 
14 arid 14i in a minute, it was probable he infpired more 
air than other men of the fame ftature. To afcertain 
this, and to be able to eftimate the averagequantity of air 
infpired, it was neceflary to examine the refpiration of a 
mail of fmall flature. 

Another man, therefore, only five feet and an inch 2d Ezpeii| 
high, was (hut in t,he fame hogflieadj the pulfe beat 72, 
and the number of refpirations was 18 in a minute. The 
water was heated between the 85th and the 90th of Fah- 

« - - 

renheit. The difference between the afcent and defcent 

ft • 

during the long time he remained wa3T).95 of an inch, or 
in vulgar fraftions ^V^ of an inch-. The area of the cy- 
linder was equal to 57*012 inches, and the area of the. 
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He then attempted to find if this diminution of the on« 
and increafe of the other be con ftant and uniform in the 
fame volume, of air feveral times refpired ; for which purr 
pofe, he firft examined the diminution of the dephlogif- 
ticated air, by breathing a quantity of air feveral times 
froTn a glafs receiver inverted in water ; and by mixing 
a fmall quantity of this fame air, after every expiration, 
with an equal quantity of nitrous air in Fontana'5 eudio- 
jneter, in which the quantity ^f dephlogiliicated air would 
be indicated by the diminution of volume in the eudio- 
meter; he tlier.efore paffed 12 cubic inches of ajtmofphiC- 
ric air into a. glafs receiver inverted in water, and put a 
meafure of it into this inftniment, where it occupied 
100 parts;' he then added an equal meafure of nitrous 
air, and the whole volume of 200 parts was dimmifhed 
to- - - --- - - - J44 

Then he infpired the whole of the volume from the 
receiver, and expired it in the ufual time ; and on try-: 
ing an equal portion of it in the inftrument, the 200 
parts were diminiflied to - - 15S 

A ftt;r the fccond expiration, to , - - 163 

After the third, tp - - - 167 

After the fourth, to - - - 170 

After the fifth, to - - - 171 

2dly* To determine whether the addition or increafe of 
the fixed air be uniform and conftant in feveral fucceffive 
refpirations, he enclofed 12 cubic inches of air in an in- . 
verted receiver, and breathed it through a glafs tube fix 
times in fuqceffion ; when, on being examined with lime 
water after the laft expiration, it contained 15 parts of 
fixed air: on repeating the experiment,- the quantity of* 
fixed air was 13 parts : hence the diminution of the de- 
phlogiliicated and the increafe of the fixed air is conftant 
and fucceflSve in the fame quantity of ajr frequently 
breathed^ but the changes in the fucceffive refpirations 
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bear no proportion to the changes in the firft. Dn 
Goodwin, finding therefore thefe changes^fo conftant and 
lyiiform, fiifpefted they muft be conncfted with fome 
correfponding changes in the iungs, equally coniftant and 
uniform, which he found to be in the Wood, ^ 

Count Morozzo, in order to prove the length of time 
different animals were able to live, in different iairs, fo as 
to be able to form a comparifon, made the following ex- 
periments : 

The oxygen gas he ufed was extracted from red pre- ^xpen- 
cipitate and nitre, which he found to be of equal purity : Mororzo, 
the atiimals were fparrows and rabbits, of an adult ftate, animaSsto 
that he miffht be able to compare the refults, having: ob- ^^ff*"*"* ' 

D » ^ D fpeciesof 

ferved that* animals lived a longer or a (horter fpace of air. 
time in a vitiated air according to their age ; which dif- 
ference ceafes on their arrival at maturity. He ufed the 
method employed by Dr. Cigna of expofing a fucceflion 
of animals to the fame gas, and found the refults to be 
pcVfedlly fimilar : he found that. 



\ 


• 


Hours. Mia. 


In atmofphcric air, the 1ft fparrow lived about - 


3 


— 


2d 


• 


— 


3 


3d 


fcarcely 


— 


1 


la dephlogifticated air, the 1ft fparrow lived 


- 5 


23 


2d 


- . - - 
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10 


3d 


- - - - 


1 


30 


4th 




1 


iO 


5th 


- - - 


— 


30 


6th 


- 


— 


47 


7th 


- - r< - 


— 


27 


8th 


• 


^ 


30 


9th 


- - - - 


— 


22 


10th 


m m ^ m 


^^ 


21 



On repeating his experiments in veffels of equal fize, 
he found that animals lived four and even five tiipes 
longer in dephlogifticated than in common air ; thai after 



the death of the animal i^ lighted candle was immediately 
extinguifhed in the atmofpherical air, but prcferved it's 
brilliaDcy and viyacity in the dephlogidicated air^ as if it 
had undergone no change; which is contrary to what 
Dr. Cigna obferved, that common air when vitiated by 
'lefpiration extinguifhes flame a long >ime before animal 
^ life. He remarks with Dr. Prieftley^ that animals appear 
tp be more gay and active in oxygen gas than in atmo- 
fpherical air ; and that^ when their refpiration appears 
troubled^ they do not gafp for breath fo much^ nor is 
their deathaccompanied by fuch violent coQvulfions as in 
atmofpheric air^ and that the duration of their life in 
oxygen gas did not decreafe in any marked proporUon 
fiom the introduction of the fifth. 

Having obferved that oxygen gas, in which different 

. animals have fucceflSvely died^ is ftill in a ftate of fup« 

porting animal life a confiderable time^ and flame with 

great, vivacity^ be was defireus of anfwering the follow- 

ingqueftions: 

1» To find the 4uration of animal life in dephlogifti<* 
eated air, in which a candle had been extinguiflied ; and 
he found animals lived in it nearly as long as in pure 
oxygen gad. 

2. To difcover whether a lighted candle would bum in 
the oxygen gas in which flame had been extinguiflied^ 
and he found it would not. In equal capacities^ flame 
'cxifled five minutes in oxygen gas, and only forty feconds 
in atmofpheric air. 

In order to difcover the lead variations, Morozzo ufcd 
veflela of a larger capacity, containing forty pounds 
of water, and larger animals, (uch as rabbits; and be 
found that^ 

H.M. Ittch.Iia. 

la atmofpheric air, the 1ft lived 4 83, and the ahforptios 
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He vetnarked with Dr. Prieftley, that quadrupeds live 
loi^r than birds in vitiated air, from being accuftomed 
to breathe nearer the ground, where the air is not fo pure 
as in the higher Regions ; and he la^'s it down as a rule, 
that animals in oxygen gas confume a quantity in pro- 
portion to common air as 5 to ] ; which is the fame pro-> 
portion as that of the greateft durability of their lives. 
Prom expofiir^ of animals in different airs, he found, 
1 . That the duration of animal life was in proportion Concl^i 
to the greater quantity of oxygen gas the airs contained. 
«. That in all where there was an equal part of oxy- 
gen gas, they lived confidefably longer than in common 
air, except in the air vitiated by the vapour of charcoal, 
in which a fparrow lived only 24 minutes, and in fixed 
aic 38 minutes* 

S. That in all thofe of which one-third was oxygen 
gas, animal life was nearly equal to what it was in com- 
mon air, except in the two laft cafes. 

4. Gafes and infe&ious airs appear to be fatal in th^ 
order following : 

Inflammable gas of marfhes - - - 7 
Air vitiated by vapour of fulphur - - V / 4 -• 
-—*——- — ^by burning charcodl - - 

— — — by a mixture of iron filings 

and moiftened fulphur - - - - 

faflatnmable gas from iron and vitriolic acid ^»early equal. 
Sired air- -- - ---- 

Air vitiated by animal refpiration - - 

Dr. Prieflley has likewife made fome experiments on ^xntrl^^ 
animals in noxious airs : from which he found that animals, ^nents on 
«a bemg put mto air m which other animals have died, noauoof ain. 



altnoft always die in convulfions : they are sometimes af- 
fefted fo fiiddenly as to be irrecoverable after a fingle in- 
, fpiratioD, although withdrawn immediately, and every 
care taken to recover them. ' They are affected in the 
- fame way in every other noxious air; fuch as fixed air, 
inflammable air, air filled with fumes of fulphur, in- 
fefted with putrid matter, in which a mixture of iron* 
filings and fulphur has flood, or in which charcoal has 
been burned, or metals calcined, or in nitrous air. • Ac- 
cording to Dr.' Pricftley, animals become h.abituated by' 
degrees to the noxious airj for he frequently found, that 
when a number of mice had been confined in a given 
quantity of airy a frefli moufe being introduced to them 
has been inftantly thrown into convulfions, and died. It^ 
. is evident, therefore, that if the experiment of the black 
hole at Calcutta were to be repeated, a man would (land 
the better chance of furviving it who fliould enter at the 
firft than at the laft hour. Dr. Prieftlev has alfo obferved, 
that young mice will live much longer than old ones, or 
than thofe which are full grown, when they are confined 
in the fame quantity of air. He has known a young^^- 
moufe to live fix hours in the fame circumftances in»^ 
which an old moufe has not lived one : hence the uncet- 
tainty in making experiments of this kind, "where a fre- 
' quent repetition is neceffary to depend upon them. 

, . Having given fome account of the ancient and modem 
opinions of refpiration in general, of the experiments that 
have been made on the effects of refpiration upon air, of 
the changes it fuffers from this procefs, of theformation 
of new fubftances found in expired air, of their propor- 
tions, of the opinions of feveral chemical phyfiologifts 
upon the quantity of air the lungs contain, and of the ex- 
periments made upon animals in different fpecies of airs, 
the next part of the fubjefl; relates to the colour the blood: 
receives during the refpiratory procefs, beginning wit^ 
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ibme account 'of the opinions of different philofophers 
upon this fubjcd. 

CoUur of the Bhod.-^TiiQ ancients muft unddubtedly 
have obferved, that the furface of blood, *after having been 
drawn from the. body and left to repofe, changed from a 
dark to a florid red colour, and that underneath it re- 
mamed black ; but they could have had no juft idea of the 
caufe of this change. It appears, that, among the mo- 
dems, Mayow was thefirft whofe conjeftures were confor-^ Mayow. 
mable to the lateft experiments. He fays, that the fluid 
red colour of the blood is produced by the introduftion 
of the nitroaerial fpirit from the atmofpher^?; for where v 

the blood is not expofed to this, it is black. As, how- 
ever, this celebrated author's publication was fcarcely 
known to exifl previous to it's being introduced to public 
notice by Dr. Beddoes, nobody, unlefs we accept Lower, at- 
tempted to account for this difference, or the caufe of the 
coloui*. Even fo late as the time of Haller all was con- Haiicr. 
jefture : this celebrated phyfiologift, on conjparing the 
blood of an adult with that of the fcetus, which is defti* 
tute of the florid rednefs, only informs us that it was ac- 
quired in the lungs. The common opinion was, that the 
change of blood, on (landing, arofe from it's containing 
two kinds of particles, red and black ; and that the black, 
from their greater fpecific gravity, fell to the bottom, 
whilfit the red particles remained at the furface. 

Cigna of Turin, at length, having paid great atten- cigni.'. 
tion to this fubje£t, publifhed a memoir in the firft volume 
. of the Mlfcellanea Taurinenjiaj in which he very well ac- 
counts for this red coleur'of the blood, clearly proving it 
to be caufed by the conta«5l of air. He found, that^ on 
covering the blood with a little oil fo as to defend it 
from the atmofphere, it remained black throughout ; but 
\ wbea he took away the red part, and expofed the lower 
> knuM to the air^ which were black, they alfo became 

TOL. III. p 



$§r LIF£. 

fucceflively red, till the whole m^fs had acquired this co» 
lour. At the requeft of Cigna, father Beccaria was in- 
duced to try the effeft of expofing blood in the racuum 
caufed by an air-pump, and he found that it always re- 
mained black, but became red on expoHng it again to the 
atmofphere. Cigna concludes by obfcrving, that it is 
not eafy to account for the lower part of a mafs of blood 
becoming black, whether it arifes from the air it has im- 
bibed efcaping from it, or from it's depofiting fomething 
faline, neceffary to contribute to it's rednefs, or froni the ; 
preflure^of the atmofphere; but he feems to think, that air 
mixed with blood, and intcrpofed between the globules^ 
preferves it's rednefs ; but that by concreting it is expelled 
from it, or becomes fo fixed as to be incapable of making 
it red. This opinion, he imagines, is rendered in fome- 
meafure probable, by the increafed denfity of concreted 
blood, and by the emiflion of air from other fluids ina.; 
eoncrefcentftate. In another memoir, he doubts whether • 
the change of colour in the blood takes place in the lungs^ " 
but if it docs, he is inclined to afcribe it to the evaporation . 
from the blood in the lungs ; and though he always found ^ 
the colour of the blood was changed by the contaft of ^r^ • 
yet when he confidered that evaporation muft neceflarily ^ 
attend the contaft of air, he fuppofed that this efTefl: might \ 
equally be attributed to it. But he acknowledges con- r. 
firmation by experiments is neceflary to this hypothefis*. ; 
^ewfon. Other experiments were made by Hewfon. He found 

that a foJution of nitre changed dark-coloured blood to 
the mod beautiful red; but is of opinion that this cannot ■ 
arife in the lungs, fince the air contains no nitre ; and he j 
found nioft of the neutral falts in fome meafure produced h 
the lame effc£t. lie was certain, however, that, ^s the • 
colour of the blood is changed by air out of the body, the 
air is the imn;eciiate caufe of the fame change in the body ; • 
and this change in the venous and arterial blood is pro* r 
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duced m the lungs, he affirms, from cxperimetft^ iri which 
he diftindly faw the blood of a more florid red in the left - 
auricle of the heart than in the right; but how the effeft 
is produced he thinks is undetermined. 

The caufe of this change was determined by Dr. Prieft- Dr. Pmft- 
ley ; but he attempts to explain it according to the phlo- ^^' 
giftic fyftem. He endeavoured to find whether blood was 
of fuch a nature as to retain the power of phlogifticating 
air when congealed, and out of the body, that it has when 
fluid and in the body; and the experiment anfwered his 
expeftation. Having taken the blood of a flieep, and let 
it ftand till it was coagulated, and the ferum feparated 
from it, he introduced pieces of the craflamentum, con- 
tained in nets of open gauze or of \\^re, fometimes 
through water, and fometimes through quickfijver, into 
different kinds of air, and always found that the blackeft 
* parts aflTumed a florid red colour in common air, and ' ' 
more particularly in dephlogifticated air, and in lefs time; 
whereas the brighteft red blood became prefently black in 
i any kind of air unfit for refpiration, fuch as fixed, inflam*. • 
mable, nitrous, or phlogifticated airs; and after becom- \ 

' ing'black in the laft of thefe kinds of airs, it regained it*s 
L red (^(dour on being again expofed to common or dephlo- 
: gifticated airs; the fame pieces becoming alternately black 
-and red by being transferred from phJogiuicated to de- 
[phlogifticated air, and vice verfa. 

[ In thefe experiments. Dr. Prieftley is of opinion, that 
the blood Ibfes it*s black colour by giving it*s phlogifton, 
which is the caufe of it, to the air; and that it receives it 
tgaitt on being expofed to the other airs containing this 
principle. He thinks that the blacknefs of the blood may ^ 
«rifc from other caufes than it's acquiring phlogifton, as 
in vacuo; and fuch he found to be the cafe when it was 
>vercd two inches and a half with ferum, but regained it's 
id colour again on expofure to the open air. He expofed 
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pieces of ty fame mafs to nitrous and rnflamniable as welt 
as fixed sf^s; they all became black, but that in the in- 
lianmiable the leaft fo; but none of tbem recorered their 
fluid cofouf in the open air ; one, however^ in fixed air, 
recovered it in dephlogifttcated air* The deeper the co- 
lour, the more the phlogifton it containS| and vice verfa* 
As it might b^ objedled to this hypoihefis of Dr. Pricft- jfj 
lev, that the blf.od never comes into actual conta6l with 
the air in the luftgs, but is feparatcd from it j and that the jj^ 
red globules alfo fwim in a large quantity of feruraya fluidj^ 
of a quite different nature ; in order to afcertain the sSi 
of thefe circumftances, he took a large quantity o( black 
.Wood, and put it into a bladder moiftened with a liulefe^ 
rum, and, tying it very clofc, hung it in a free expofu 
to the air, though in a quiefcent ilate ; and the next (1^! 
he found that all the lower furface of the blood feparat 
from the common air by the bladder (which isao anim 
membrane like the veficles of the lungs, and at Jeaft 
thick), and likewife a little (erum, had acquired a coati 
of a florid red colour, and as thick as if it bad been im 
mediately expofcd to the open air; fo that the membrai 
had been no impediment to the aftion of the arr on t 
blood. lie repeated tjie experiment without previou 
moiftening the bladder, and with the fame rcfult. 
fouiid that a piece of the craffamentum acquired the flor 
colour even when covered with ferum to the diepth of fi 
veral inches f but, that the ftightefl covering of water 
falivaeffexSlually pre vented it's acquiring this. colour, wbi^ 
proves how wonderfully well the ferum is adapted as a ir^ 
' hide i'ov the red glolxiles. To fatisfy hi mfelf complete 
thatnt is really the air kdling through the ferum, and r»^ 
the icruni itfclf that gives the florid colour, he tookt^WJ 
eqiial portions of black blood, and put them into eqi-** 
cups, containing equal quantities of ferum, which c^ 
v.trcd them to the depth of half aa inch. 0*ie of tb^ 
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CiVps he expofed to the air, and the other under an ex- 

haufted receiver, when the former prefenlly acquired a 

florid colour, and the other continued twelve hours as 

black as the firft. It alfo remained black v^'hen expofed 

to the air, and the feram taken off. He reverfed this ex« 

periment, and found that red blood became black through 

the depth of twv inches of ferum, expofed to phlogifti- 

cated air; a confirn'iation that the red globules of the 

blood receive and part with phlogifton by means of the 

air, notwithftanding the interpofition of a large body of 

"the fluid in which they naturally float. 

' Dr. Prieftley however, does not infer, in all cafes, that 

blood becomes black by imbibing phlogifton ab extra ; 

*'Tor, if time be given it, this change may arife from inter- 

^^nal cau/esy as from putrefaftion, which he found by ex- 

^'^^rience. 

r'*' Except ferum, he found that milk is the only animal 
r fluid through which the air can^a^t upon blood, for black 
I blood became red when plunged into milk as if covered 
'with ferum. It becomes inftantly red in urine, which he 
attributes to'lbe faline nature of that fluid. Thi^ makes 
'it probable, that th« rednefs of the blood is owing not 
'only to it's parting with phlogifton, but to imbibing the 
iacidifying principle from the dephlogifticatcd air. 

As the principal ufe of the blood appears to Dr. Prieft- 
ley to be derived from it's power of receiving and dif- 
charging phlogifton, and the degree in which it pofleftes 
this power i6 eafily afcertained by the eye, it might, he 
'thinks, be worthy the attention of phyflcians; for in 
eafes in which the blood is unufuallv black, and but little 
afle&ed -by common air, perhaps breathing a purer air 
might be .prefcribed with advantage.. In general, the 
blood be procured in the city was not fo good as that got 
10 the country, which he attributes to the cattle having 
been much driven and heated before they were killed. 

?3 



/ 



JQ ' LTFF, \ 

It .ippears from Dr. Prieftley's account, that having 
afterwards made fome experiments on the mutual tranf- 
' miflion of dephlogifticated air, and of inflammable and 
pitrous, through a moift bladder interpofed betweenthem, 
and from the opinions of others, he was foon convinced, 
that, befides the emifflon of phlogifton from the bloody 
(dephlogifticated air, or the acidifying principle of it, is at 
the fame time received into the blood; yet he appears ftill 
to be of opinion, that although the application of dephlor 
gifticated air to the outfide of a vein may change the co- 
lour in it, as Dr. Goodwyn has proved, this might have 
been afiefted, as he firft fuppofed, by the fimple difcharge 
of phlogifton from the blood, when it had an opportunity 
of uniting with the dephlogifticated air thus prefented to it. 
L^voifier Lavoifier and Crawford formed their opinion of the cor 

and . . 

C^awfor^. lour of the blood from the experiments which Prieftley 
and Hamilton made. The laft made three ligatures upon 
the jugular vein of a cat; having extrafted the blood com- 
prehended between two of thefe ligatures, he introduced 
hydrogen gas into it, and detained it by clofing the orir 
fice; he then united the middle ligature, and the blood be- 
tween the third ligature ^and that of the middle became in 
icontaft with the hydrogen gas. Having drawn the blood 
t from the vein, he found it liquid, and that it had acquired 

a colour nearly as deep as ink. Venous blood expofed to . 
vital air acquires the vermilion colour of arterial blood, 
and the vital air is vitiated. Prom thefe experiments, La- 
voifier and Crawford are of qpinion, that the change of 
colour the blood undergoes in the courfe of circulation 
proceeds from it's uniting with, hydrogen ; that the blood 
when it pafles through the lungs communicate^ a part of 
it's hydrogen to the oxygen contained in the infpired air, 
and that it then receives it's red colour again. 

Dr. Goo^ ii had long been obferved by Lower (Traft. de Corde, 
p. 185.), in living animals, that the blood from a vydund 
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in the trunk of the pulmonary vein was florid ; and know- 
ing before that the blood entering the lungs by the pulmo- 
nary artery is black, he concluded that it acquired this 
florid colour by pafling through the lungs; and findincr , 
afterwards, that when the. animal ceafed to breathe, the 
blood from the wound in the pulmonary vein was black, 
he attributed the florid colour to the adion of the air in 
refpiration. Dr. Goodwyn, ftruck with this fad, under- 
took to examine the truth of it. He procured fome large 
dogs, removed the fternum, and expofed the trunks of the 
pulmonary vems and arteries, fo as to be able to diftinguiffi 
accurately the colour of the blood paflRng through them. • 

He then inflated the lungs with bellows^, as defcribed by 
Vefalius, fo as to imitate the natural refpiration, and he 
kept the animal alive by this procefs a confiderable time. 
In thefe experiments he obferved, that, during the infla- 
tion, the blood in the trunks of the pulmonary artery was 
black, but in the trunks of the pulmonary veins florid ; 
and when the inflation was intermitted for a minute, the 
blood in the trunks of the pulmonary vein became gradu- 
ally blacky like that in the arteries. Dr. Goodwyn like- 
wife confirmed Lower's opinion by other experiments on 
the toad and lizard, whofe lungs confift of only a tranf- 
parent bladder, with blood- veflels fo thin that the colour 
of the circulating blood may be eafily diftinguifli^d 
through them ; and in all the examples, when the air 
paflfed into the lungs ; the blood in the pulmonary veflels 
became gradually florid ; but when they were emptied by 
preflure, it became gradually black. 

Dr. Goodwyn then inquired to what part of the air re-*- 
fpired this change of colour was owing, whether to the ad- 
dition of fixed air feparated from the blood iri pafling 
through the lungs, or to the adion of the phlogifticatcd 
Qr d^phlogifticated air. He found by experiment^ that 
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frefl) drawn florid blood cxpofed to fixed air underwent 
no fenfible thange^ and as black blood freih drawn under- 
' goes no change of colour when expofed to dephlogifti- 
cated air, he tried what xhe change of venous black blood 
Y^ould be when expofed to dephlogifticaied air, and found, 
in fupport of the common aflertion, that it became florid, 
\(^hil{l ^ fmalf portion of the air difappea^ed during the 
procefs; hence he is difpofed to believe, that when the 
dephlogifticated air produces this change, fomething at 
prefent unknown pervades the coats of the pplnjonary 
yeflels by the forc.e of pliemical attraction, 
Dr. Goodwyn concludes that, 

1. A quantity of dephlogiflicated air is feparated fvom 
the atmofpheric air in the lungs. 

2. That this dephlogifticated air exerts a chemical ac- 
tion upon the pulmonary blood, in confpquence of which 
it acquires a florid colour. 

Wnanner. Jf arterial blood bp expofed to hydrogen gas in a glafs 
veflel, the quantity of gas is diminiflied, and the vermilion 
colour of the blood is change to a deep colour. In this 
experiipent, according to Girtanner, the contrary pafles 
to what it doe? in refpiration. The hydrogen gis in the 
l^ft cafe unites to the oxygen of the arterial blood, to form! 
I water, and the arterial blood being deprived of oxygen be^- . 
come§ blsfck, and is changed into venous blood, it's deep 
colour arifingfrom the lofs of it's oxygen. The experi*- 
ipent of Hamilton, before quoted, is explained by Gir- 
tanner in the fame.wav. In this cafe the blood was found 
liquid, and little coagulable, which Girtanner likewife 
reckons in his favour; for in his firft memoir be aflerted, 
that the^ coagulability of the liquids followed the fame- 
laws, and depended upon the fame principle, as the irrita- 
bility of the folids, confequently the blood deprived of the 
irritable principle, or of the oxygen, ought to be liquid^ 
/. e. little or not coagulable. This chemical phy^ok^ift^. 
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after having fliown that the arguments hitherto brbught 
are not convincing, proceeds to bring proofc in favour of 
his own theory. ^ 

1. Venous Blood. Six ounces of black verioHS blood, 
drawn from the jugular vein of a fheep, were expofed to 
oxygen gas under a glafs. It was inftantly changed toa ^ 
vermilion colour 5 the thermometer mounted a few de- 
grees, and dtfcended again. Th'e mercury under theglafa 
arofe fix or eight lines. The blood weighed a little morie 
than before. This proves, according to Girtanner, that 
the blood during refpiration abforbs oxygen. This was 
confirmed«by a fecond experiment. He opened the jugu-. 
lar vein of a (heep, and received the blood in a bottle 
filled with oxygen gas, and the bottle when half full was 
flopped. The blood immediately became of a vermilion 
colour, very fluids and only coagulated flowly into a thick 
and reddifli mafs, from which no ferum was feparated, ' 

He injefted a. pretty confiderable quantity of very pure 
oxygen gas into the jiiguldr vein of a dog, which killed it 
in Icfs than three minutes. He found the.heart more irri- 
table than ordinar)'. The right auricle and ventricle c6n7 
tained blood of a vermilion colour not coagulated. The 
Uiood in the left ventricle, the aorta, and the arteries, was 
of jl rofe-colotir, and mixed with blebs of air. This proves 
that the vermilion colour is not owing to the lofs of car- 
bortated hydrogenous gas in refpiration, but to the blood 
combining with the oxygen gas. In this experiment, the 
deep colour of the yenous blood of the right auricle and 
ventricle was changed into a vermilion; yet there could 
be no lofs of carbonated hydrogenous gas \ there was only 
aa addition of oxygen gas. 

He injefted a fmall quantity of azot ga^, deprived of 
fixed air by lime-water, into the jugular vein of a dog, 
which died in twenty feconds. The blood of the right 
auricle and ventricle was black, thiek^ and coagulated. 
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The left ventricle was of it's ordinary colour. He found 
that the venous blood of a ftieep expofed to azot became 
black nearly as ink, and coagulated immediately ; that a 
quantity of femm was feparated, and the following day a 
flight odour of ammonia was perceived on opening the 
^ bottle. 

• This proves that the colour of the blood arifes from the 
f. azot; and the.ammonia from the union of the fame azot 
' with the hydrogen gas of the venous blood. The colour 
of the blood becoming mpre deep after having loft a part 
of it's hydrogen, appears to prove that this deep colour is 
owing to the cybon of the blood, and not to the combi- 
nation of the hydrogen gas, as is thought. The venous 
blood of a fheep expofed to carbonic acid gas in a bottle 
immediately coagulated, became of a very deep colo\ir, 
and a great quantity of reddifti ferum leparated. A fmall 
quantity of carbonic acid gas being injefted into the ju-^ 
gular vein of a dog, killed it in a quarter of an hour. The 
blood of the right auricle and ventricle was thick, and in 
part coagulated ; that of the left was of a much deeper 
colour than ufual. This likewife proves that the deep 
colour of the venous blood is not owing to the combina- 
tion of hydrogen gas. One part of the oxygen of the 
carbonic acid gas probably united to the hydrogen of the 
blood to form water, and the carbon previoufly united to 
this oxygen combined with the blood, and gave it a 
deeper colour. 

The venous blood of a flieep being expofed to nitrous 
gas, immediately coagulated, andagreatdeal of blackiih 
ferum feparated. The next day, on opening the bottle, 
a very flrong odour of nitric aether (dulcified fpirit of 
nitre) was perceived, the nitrous gas having been in part 
changed into nitric aether by the carbonated hydfogen of 
the venous blood j which proves that the venous blood 
CiO|itains carbonated hydrogei^ou& gas^ which is ea^ly f^r 
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parated. The blood having loft this gas, had not re^ 
ceived it's vermilion colour ; but, on the contrary, a 
deeper colour. The deep colour of the venous blood is 
not, therefore, owing to it's union with carbonated hy- 
drogen, fince it becomes deeper after the reparation of 
the hydrogen. • 

A fmall quantity of nitrous gas injcfted into the jugular 
vein of a dog, killed it in lefs than fix minutes, T4ie 
blood in the right auricle and ventricle was black, thick, 
and in part coagulated : that in the left was much more 
deep than ufual. 

2. J^fterial blood. — Some arterial blood, from the caro- 
tid artery of a (heep^ was expofed to oxygen gas in the 
fame way as the former experiments were made, and it 
immediately received a more vermilion colour. The day 
after, a very fmall quantity of carbonic acid gas was found 
mixed with the oxygen gas. 

Arterial blood immediately coagulated with azot gas, 
and became of a very deep colour. The day after, a 
fmall quantity of oxygen gas was found mixed with the 
azot gas, fo that a candle burned in it nearly two minutes. 
This experiment proves, 1 . that arterial blood contains 
oxygen gas: 2. that it's vermilion colour is owing to it's 
union with this gas; and that, as foon as it is deprived of 
it, it aifumes it's deejp colour again. 

The blood expofed to carbonic acid gas received no 
jeffefl: from it, although it has a great effefl: on venous 
blood. Expofed to nitrous gas, it immediately coagu- 
lated ; and it's furface was green, and a little greenifh 
ferum fcparated. The day after, vapours of nitrous acid 
were obferVed on. opening the bottle. This likewife 
4 proves th6 prefence of oxygen in the blood, by it's con- 
verting the nitrous gas into nitrous acid; the green was 
owing to a fmall portion of azot, which feparated from 
the nitrous acid. Expofed to hydrogen gas^ il became 
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more vermilion-coloured,* and femained fluid fomc tixoe 
Vefore it coagulated, when a little ferum fbpairated. The. 
licxt day a little oxygen gati was found with the hydrogen 
* gas ; this alfo, according to Girtanner, proves the pfe- 
fence of oxygen gas in the arterial blood. 

A ftnall glafs tube filled W|4Lh arterial bloMi, and fealed 
hermetically, was expofed to the' light; it*s colouf 
' changed by degrees ; and, in fix days, it. was as black as 
venous blood. This repeated, but expofed to heat in-> 
ftead of tight, the blood became black in a muph lefs 
time. Thefe two laft experiments, firft made by Dr. 
Prieftley, appear, to Girtanner to prove it is.not to the 
conta& of hydrogen gas that venous blood owes it's black 
colour. From thefe experiments Girtanner concludes 
that, 

1* The change of colour in the blood, iluring circula- 
tion, is not owing to it's combination with hydrogen gas, 
* 9p That the vermilion colour of arterial blood arifes 
firom oxygen, with which the blood combines during it's 
jpaflage through the lungs. 

3. That the deep colour of the venous blood is owing 
to the carbon it contains. 
Jltrenfritzi Haffenfratz agrees pretty much with Girtanner. His 
opinion is, that the red colour of the blood proceeds finom 
the folutioii of oxygen gas, and that it's brown and even 
black colour is occafioned by union of tb^ihydrogen 
and carbon with the oxygen it holds in folution. Hq 
draws bis conclufion from thefe fa&s. He fif ft i^ates the 
two fafts >ipon which all chemifts are of accord—rl. that 
venous blood, mixed with oxygen, immediately receives 
a beautiful vermilion colour ; that this red colour changes, 
by degrees, and becomes of a purple, like the ley of red 
wine, although the blood has been continually in conta£fc 
with the oxygen, and both air and blood be conftantly 
fh^Hen together in order to unite thepi. 2» That arterial 
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bloody expofed to the action of every gas which does not 
. contain oxygen, receives a colour of the ley of wine. 
From thefe he infers^ that the red colour proceeds from 
the fc^ulion of oxygen in the bloody and it's purple co* 
lour from the oxygen abandoning the bloody and uniting 
with it's hydrogen and carbon. The experiments Haf« 
fenfratz made to Qjnvince himfelf of this arjs, he found 
that oxygenated muriatic acid, when added to venous^ 
blood, immediately decompofed it, and gave it a deep and 
ainioft black colour. He poured the fame quantity 'of 
common muriatic acid into the quantity of blood, and the 
Uood was immediately decompofed, and flocks of a clear 
^ brown were precipitated, that had not the black colour it 
took with the oxygenated muriatic acid. Since the dif- 
ference between the oxygen of the oxygenated muriatic 
acid and-oxygen gas is, that the firfi is in a (late fo as im- 
mediately to combine on being put into conta£l with the 
hydrogen and carbon of the blood, whild the fecond is in 
a (late which fenders the combination dtJBEcult, it follows, 
that the colour the blood fuddenly takes with the oxyge- 
nated muriatic acid, is that which blood ought to take, 
in length of time, with oxygenous gas. Thus the blacl; 
colour of the blood is the refult of the intimate combina- ^ 

tion of the oxygenous gas with the carbon and hydrogen 
of the blood, wh lift it's red colour is only the refult of 
the folution of oxygen gas in the blood. To aflure him- 
felf more pofitively of this truth, he repeated an experi- 
ment of Girtanner : he filled fevcral glafs tubes full of 
blood made red by oxygen gas, and fealed them herme- 
tically ; fome of which he put into the light, others into 
the dark, and he found that the blood in all was become 
blackiih, like the ley of wine. The reafon therefore of 
the two phenomena which have excited the curiofity of 
all philofophers, viz. the red colour of the blood in con- 
tact with oxygen, and the brown colour when in contai^ 



y^ LIFE. 

with tbe other gafes, are eafily-explained. As Jong a^ 
the blood is in conta6l with oxygen, and this gas is dif- 
folved in the blood, it is of a beautiful red ; but when it 
is in contaft with gafes that contain no oxygen, that 
which is'diflblved in the blood, and which occafions it's 
vermilion coloiir, quits, by degrees, the whole mafs of 
blood to combine partially with it's hydrogen and carbon, 
and it's colour is brown ; and as the air in contact: cannot 
furnifli new oxygen, the colour continues to darken until 
. all the diflblved oxygen is combined. This chemift like- 
wife explains the particular faft obferved by Fourcroy ; 
the diminution of the high red colour of the blood, con- 
fiantly in conta<% with h^^drogen gas, by tlie diminution 
* of the force of attravSion of the blood toward the oxy- 
gen gas, in proportion as it's carbon and hydrogen are 
combined with th^gas of vvhich it was firfl in poffeffion ; 
which affords a belief, that, fince the blood which circu^ 
lates has always the fame property of becoming red by 
mixing with oxygen, although it has already taken a 
considerable quantity, during it's circulation it takes 
from the fubftances with which it is in cont^ft a quan- 
tity of hydrogen and carbon, equal to that which fuccef- 
fively combines with the oxygen. He then made ibme 
obfervations on the hypothefis of de la Grange. , H^ 
' obferves, that fince the red colour of the blood is<thecon- 

fequence of the folution of oxygen gas in it \ fince the 
purple colour of the ley .of wine, and even the dark 
'brown colour, proceed from the union of oxygen gas 
with the carbon and hydrogen of the blood ; fince the ve- 
nous blood is purple, and the arterial blood vermilion ; it 
follows, that the arterial blood contains oxygen gas in 
folution, that this oxygen unites itfelf by degrees with the 
hydrogen and carbon of the blood during it's circulation, 
and when the blood returns by the veins into the lungs all 
tl>e combination is made, and that it there difiTolves again 
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oxygen gas, to return M[ith a vermilion colour into the 
arteries. As the dark brown colour of the blood is iQi 
confequence of the union of oxygen with the carbon and 
hydrogen of the blood, and as the blood on palling from 
the veins into the lungs to return back into the arteries 
becomes vermilion, it follows, that in the lungs very*little 
union takes place between the carbon and hydrogen of 
the blood with the oxygen of the infpired air, and that 
the greateft combination is made during the circulation. 
It follows, therefore, on concluding, according to Haf- 
fenfratz, that, 

ift. The red colour of th« blood is the refultofit's 
diflblving oxygen gas. 

2d. That it's brown and even black colour arife from 
the combination of the hydrogen and carbon of the blood 
with the oxygen difTolved in it. 

According to Davy, the arterial blood owes it's fine Davy* 
vermilion colour to light and oxygen, or the phofoxygen 
entering into it's compofition ; and the venous blood h 
black, from a deficiency of phofoxygen, and a fuper- 
abundance of carbon. Having defcribed the principal 
experiments and opinions of chemifts on the caufe of the 
difference of colour between venous and arterial blood, 
the third part of this article of refpiration will give an ac- 
count of the different fyftems on animal heat. 

yfnimal Heat.~~The origin and caufes of heat in theopini^nt 
animal body have been fubjeSs of difcuffion from the 
earlieft ages ; but the ignorance of the ancients in fcience, 
and their fuperftition, which is always the confequence of 
it, enabled them only to form extravagant and abfurd 
ideas. It is well known how greatly they were inclined k 

to attribute every thing they could not underftand to fu- 
pematural power, and this propenfity pervaded the wifeft. 
We are told that even the great father of medicine. Hip- Hippa^ , 
pocrates, was not devoid of this we^Jcnefs. He confidered *^^****' 
heat as a mydery, and even bellowed supon it feveral of 
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the attributes of the Deity. " What we call beat,*' 
fays he^ ** appears to be famething immortal." We 
\t&rtk from Galen that the bypothefis amongft fome phy* 
fictans in \m time was^ that animal heat depended on the 
motion of the heart and arteries ; and as they looked 
upon this motion to be innate, they confidered that heat 
waslikewife fo ; this hypothefis however he rejeds; and, 
being a peripatetic pbilofopher, he accounts for it accord- 
ing tQ that fyftem. 

Amongft the modems, different authors have amufed 
themfelves and the world by inventing many fanciful 
theories on this fubje£t. Thus Van Helmont andSylvins 
attributed animal heat to the effervefcence which they 
thought took place in theinteftinal canal from the mixture 
of the pancreatic juice and the bile. This notion appears 
to have originated from having obferved that a degree 
of heat was j^roduced from the mixture of certain bo- 
dies, which fometimes amounted to adual inflammation. 
Others attributed it to the fame caufe ; but difagr<^ed as to 
the place where this mixture happened, and of the nature 
of the fluids of which it confifted* 
Acconnted Another ppinion, which continued nearly two centu- 
w^ y n*«- figg^ yj^.^^ ^Ijj^j Qf [Y^Q mixture of acids and alkalis ; it 

was imagined that acefcent fluids, when taken.into the 
fiomach, met witli others of an alkaline nature already 
prepared ; and this gave rife to the heat peculiar to the 
animal body^ 

After tihe abfurdity of explaining the phenomena of the 
human machine by chemical mixture had been perceived 
by phyfiologifts, it was fucceeded by fermentation.- It 
ifeitnenu- had been obferved that fermentation was produftive of 
heat, and as it was the fafhion to explain the phenomena 
which took place in the vital fundions by fermentation, 
they thought they could not do better than to attribute 
animal heat to the fame caufe ; and althoi^h fome of tbem 
modified their conjedlure refpe£ting the peculiar fpeqies of 
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fermentation^ it was chiefly confined at laft to,the putre- 
fa^live^ more efpecially as it was fuppofed that procefs 
took place during digeftion. Soon after the immortal. 
Harvey had explained the circulation of the bloody th« 
mechanical generation of animal heat took it's rife ; and Mechanical 
fo certain were phyfiologifts of it's truth, that they looked "***"*• 
upon it almoft as capable of mathematical demonftration. 
They firft conceived this opinion from obferving that ani- 
mal heat generally keeps pace with the ftate of the circu- 
lation ; that when the heart and arteries beat high and 
quick) a gneat degree of heat is produced : on the con- 
traryj when their aftion becomes more faint and languid, 
the animal heat is likewife diminilhed. There was, how- 
ever, one point in which the mechanical phyfiologifts 
could not agree, /. e. whether it were occafioned by the 
attrition of the blood againfi the vefiels which contain it, 
or by the internal agitation and fri£iion of the particles 
againft each other. Hence it gave rife to various con- 
je&ures: many ingenious arguments were brought in 
fupport of each hypothefis ; but, as fa&s could not de- 
termine the point, it fell, as moft other hypothefes do, 
for want of proper evidence. 

According to Dr. Mortimer, animal heat arifes from Opinion of- 
the phofphorus and air which the animal fluids contain. ni«V. 
He thinks thefe lie in a dormant date until brought into 
contaft, which is effeSed by means of the circulation ; 
an;! if it were not for the abundance of aqueous humours 
in animals, he alleges that incenfions would frequently 
happen. 

According to Douglas, animal biiat arifes from the According 
friftion of the globules in their circulation through the ° • " * 
capillary veflels. Stevenfoir fay9 that it is owing to the 
fame procefs by which our aliment and fluids are perpe- 
tually made to undergo fome alteration. According to 
Franklin, the fluid fire, as Well as the fluid air, being at- 
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trafted by plants in theft* growth, and confolidated with 
the other materials of which they are compofed, after 
being digeftcd, and having undergone a kind of fermen- 
tation in the veffels, part of the fire and air recovers it's 
fluid a.Sive ftate again, and diffufes itfelf over the body, 
. . which is the animal heat. 

A more accurate and extenfiye knowledge of the human 

,oeconomy foon faw into the futility of fuch methods of 

argument, and a more ingenious hypothefis perhaps than 

Cullen. had hitherto appeared was attempted by Dr. Cullen, 
which he delivered in the form of little more than a con- 
jecture. He was of opinion that the difference of tempe- 
rature in different animals is owing to a difference in 
the vital principle ; fo that, although the velocity of the 
blood may be the fame in a frog as in a man, yet, in 
confequence of the variety in the vital principle, the heat 
produced may be different ; hence he fuppofes the princi- 
ple of life has the- power, of generating heat or cold. . 

The doc- The phlogift'on of Stahl now came more into fafhion,. 

suhUn ^"^ ferved to explain the origin of animal heat. Dr, 

fafliion. Black having obferved that animals which refpire are of 

Opinion of , n ■ i 

Black. all Others the w^rmeft, and that there exifts a ftriking 
and clofe connexion between their ftate of refpiration and 
- their degree of heat, was induced to conclude that animal 
heat is generated in the lungs by the aftion of the -nir 
on the phlogiflon or principle of inflammability, in a 
manner not diflSmilar to what he fuppofed to take 
place in adual inflammation, and that it is diffufed by 
the circulation over the reft of the fyftem. This opi- 
nion was defended by many arguments.r— 1. It wasfaid, 

that fince a quantity of mcphitic phlogifticated air is 

* « 

known conftantly to exhale from the lungs, and that at-» 
mofpheric air, by pafling through the kings, acquires the 
fame properties as -by pafling through fuel in at^ual iff- 
flammation, or by being expofed to any other proeefs of 
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phlogifticatioft, it is. obvious that the change the common 
air undergoes in both cafes ought to be attributed to one 
and the Came caufe, v'lt, it's combination with phlbgifton. 
2. This hypothefis has been fupported by urging, that 
the celerity with which the principle of inflammability is 
feparated in refpiration, is very clofely connefted with the 
degree of heat peculiar to each animal. Thus man, 
birds, and quadrupeds, vitiate air very faft; ferpents and 
all the amphibious fpecies, very flowly ; and the latter are 
of an inferior temperature to the former, and breathe 
kfs frequently! 3. The moft ingenious and cogent argu- 
ment which the defenders of this theory have ufed is, that 

m 

no heat is generated. till the funftion of refpiration takes 
places for the fcetus in utero derives all it's heat from the 
mother. 

Againft this theory, Dr. Leflie brings the following ob- Oppofed by 
jeflfons. ift. That there are various proofs of the jm- 
poffibility of the lungs being the fource or elaboratory of 
animal heat, fince animals without organs of refpiration 
generate heat, 'and even thofe fiflies which are deftitute of 
gills appear, from various experiments, to be warmer than 
the ordinary temperature in which they live: hence refpi- 
ration is not abfolutely neceflary for the produ6tion of 
animal heat. 2. If animal heat be generated folely in 
the lungs, it can only be communicated to the reft of the 
body by the arterial fyftem, and the heat muft decreafeas 
it recedes from it's fuppofed centre. But it is more con- 
formable to fafts, that the venous blood is, if not warmer, 
at leaft as warm as the arterial ; and according to Dr. 
Stevenibn the thermometer immerfed in flowing venous 
blood rifes feveral degrees higher than that placed in the 
arterial, whilft there is no experiment to fhow the tem- 
perature of the blood to be higher in the left ventricle 
than in the right ; which would be the cafe if all the ani- 
mal Jheat was generated in the lungs. 3. Having thus 
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rendered it improbable that the generation of animal heal 
fhould be entirely confined to the lungs, Dr. Leflie en- 
deavours to (how that the vital fluid, far from acquiring 
* all it's heat in the pulmonary fyftem, communicates no 
inconfiderable portion of what it has received in the courfe 
of circulation to the air, alternately entering and iffuing 
from that organ. Were the blood heated in the iungs, 
their funftion would be lefs neceflary in ^ warm than in 
a colci atmofphere : but it is known that when the air is 
extremely hot a perfon breathes full and quick to become 
cool, and in intenfe cold refpiration is flow and languid ; 
V^hich would not be the cafe if the blood was heated iji 
the lungs by the aftion of the air upon it. Th^ air ap- 
• pears rather to diminifli than increafe the animal heat by 
carrying off phlogifton fronl the lungs : hence Dr. Dun/can 
compared refpiration to the blowing of bellows on a hot 
' * . body ; in both cafes a confiderable degree of heat is com- 
Opinkm of municated to the air. Dr. Leflie having thus brous^ht his 
arguments again ft the theory of Dr. Black, and after 
{howing that heat, though gemrated^ cannot accmnulate 
in the foetus, ereds another theory in it's place, which 
• ' dep'ends upon the following pofitions : 

1. That the blood contains phlogifton. 

2. That this phlogifton is evolved, extricated, or 
brought into a ftate of aftivity and motion, by the a<Sion 
of the blood- vefTels to which it is fubjedled iq the courfe 
of circulation. 

3. That the evolution of phlogifton is a caufe which 
throughout nature produces heat ; whether that heat be 

/ apparently excited by mixture, fermentation, percuifion^ 
friftion, inflammation, ignition, or any fimilar caufe* 

4. That this heat, produced in confequence of the 
evolution of phlogifton from the blood of different animals, 
is in all probability equal to the higheft degree of heat 
thefe animals in any cafe polTefs, To this theory of 
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Dr. Leflie fuoceeded that of Dr. Adair Crawford, who 
proved the fundamental principle Leflie laid down, viz. that 
the venous blood is warmer than the arterial, to be falfe. 
Helikewife appears to be the firft who. attempted to af- 
certain, by direft experiment, the caufe of animal heat. 

Dr. Crawford, who in his general doftrine of heat Theory of 
feems to agree with Dr. Irwin of Glafgow, begins with 
an explanation of his terms. The words heat and fire 
he tells us are ambiguous. Heat in common language Heat 
has a double fignification : it is ufed indifcriminately to ex- 
prefsa fenfation ofthemind, and an unknown principle, 
whether we call it a quality or a fubfiancej which is the 
exifting caufe of that fenfation. The latter, with Dr. 
Irwin, he calls alfolute heaty the other relative heat. It 
therefore appears that ahfolute heat exprefles iit the abf- Abfolute. 
tra£l that power or element, which, when it is prefent to 
a certain degree, excites in all animals the fenfation of 
heat ; and relative heat exprefles the fame power, confi- Relative, 
dered as having a relation to the effeSs by which it is 
known and meafured ; for inftance, fuch as the effcft it 
produces upon an inftrument called a thermometer, em- 
ployed in meafuring it. It has been found by experiment, 
that in bodies of different kind& the quantities of abfolute 
heatmaybe unequal, though the temperatures and weights, 
or their relative heat be the fame. Thus, if a pound of 
water and a pound of diaphoretic antimony have a com- 
mon temperature, the quantity of abfolute heat contained 
in the former is nearlv four times that contained in the 
latter. When the principle of heat is confidered relatively 
to the whole quantity of it contained in bodies of different 
kinds, but which have equal weights and temperatures, it 
is termed comparative heat. If, for example, the tern- Compa^a. 
peratures and weights being the fame, the whole quantity 
of heat in water be four times as great as that in an- 

3 
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, timony, the ^comparative heats of thefc fubftances are 

faid to be to each other as four to one. The comparative 
beats of bodies of equal weights and temperatures are 
greater or lefs in proportion, as lefs or greater alterations 
^ are produced in their temperatures by e^ual quantities of 

abfolute heat. Thus, the fame quantity of heat which 
raifes a pound of water one degree is fufBcient to raife a 
pound of mercury 28 degrees : hence the comparative 
heat of water is to that of mercury as 28 to 1 . As 
eqpal weights of heterogeneous fubftances are found to 
, contain unequal quantities of abfolute heat, there muftbe 
certain eflential differences in the nature of bodies, from 
which fome have the power of collecting and retaining 
that element in greater quantity than others. Thefe dif-. 
Caprities ferent powers are called the f^7^^7a>/Vx of bodies for con- 
fer conuin- Gaining heat : thus, if a pound of water contains four. 
«ng h*kt. times as much abfolute heat as a pound of diaphoretic an- 
timony at the fame temperature, the capacity of water 
for containing heat is to that of antimony as four to one. 
Such are the principal definitions Dr. Crawford has laid 
down. He then gives fome general facSls refpedting heat, 
and afterward begins to examine animal fubftances, fp as 
to produce a theory upon animal heat. 

On making experiments with animal fubftances refpe<9:- 
Arteria! liig their Comparative heats, he found that arterial blood 
contained a greater quantity of abfolute heat than water, 
which compbfed fo large a portion of it] for, taking 
water as a ftandard at l.OOQ, arterial blood was 1.03, 
The remarkable accumulation of heat. in this laft fluid 
led Dr. Crawford to fufpeft it abforbs heat from the air 
in the procefs of refpiralion ; and he was much confirmed 
in his fufpicion by the following confiderations : 
Confidera- 1 . Thofe animals furniftied with lungs, and which con- 
ftqucnce!*^ tinually infpiro. frefh air in large quantities, have a tern-. 
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perature confiderably higher than the furrounding atmo- 
fphere, whilft animals without refpiratory organs are 
nearly of the fame temperature with the medium in which 
they Uve. ' 

2. Among hot animals, thofe are warmed which have 
the largeft refpiratory organs, ^and which confequently 
breathe the greateft quantity of air in proportion to their 
bulk, fuch as birds., 

3. The degree of heat in the fame animal is in fome 
meafure proportionable to the quantity of air infpired in 
a given time : thus the animal heat is increafed by exer- 
eife, or whatever accelerates refpiration. 

From thefe he was led to examine the fubjeft of ani- Propofi- 
mal heat more particularly, the refult of which is com- p^"t]cu?ar * 
prehended in the following propofi lions : examina- 

1 . The quantity of abfolute heat contained in pure mai heat. • 
air isdiminiflied by the change if undergoes in the lungs 

of animals, and the quantity of heat in any kind of air fit 
for refpiration is nearly proportional to it's power in fup- ■ 
porting animal life. 

2. The blood which pafles from the lungs to the heart 
by the pulmonary vein contains mor.e abfolute heat than 
that which pafles from the heart to the lungs by the pul- 
monary artery. 

3. The comparative quantities of heat in bodies fup- 
pofed to contain phlogifton are increafed by the changes 
they undergo in the procefles of calcination and combuftion . 

4. The colour of the venous blood of a living ani- 
mal approaches more nearly to that of the arterial in a 
warm than in a cold medium ;. Icfs air is phlogifticated, 
in a given time, in the former than in the latter fituation; 
and the heat produced by the refpiration of an animal is 
nearly equal to that produced by the burning of wax or 
charcoal, the quantities of pure air confunicd being the 
feme. 

. . / G4 
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Expitnition Dr. Crawford, from experiments made onthecoinpa- 
keaTfrom r«tivc heats of different airs and animal fubftances, fo as to 
Dr.Craw- explain the phenomena of re Ipiration and animal heat, found 
perimems. ttot wat^ being the ftandard at 1 .000, inflammable ai r was 
/ S1.400(/; dephlogifticated air 4.7490 ; atmofpherical air 
1 .7900} aqueous vapour 1 .5.500 ; fixed air 1 .0454 ', phlo- 
gifticated ,air 0.7936; arterial blood 1.0300; venous 
blood 0.8928 ; frefti milk of the cow 0.9999 ; hide of an 
ex with the hair 0.7870 ; lungs of a (heep O.769O; lean of 
the beef of an ox 0.7400: — he therefore forms an efti- 
mate of the quantity of heat yielded by the purer part of 
atmofpherical air when it is converted into fixed air and 
aqaeous vapour during refpi ration, and alfo of that which 
is abforbed during the converfion of venous into arterial 
Wood by the fame procefs, explaining his theory of ani- 
mal lieat in the following manner. 

From having proved that the comparative heat of pure 
air is to that of the fixed air and aqueous vapour, into 
which it is changed in the lungs, as three to one, the 
^ fame heat which raifes the pure air one degree will raife 

the fixed air and aqueous vapour three degrees ; and, con- 
fequently, the fame heat which raifes pure air any given 
number of degrees will raife the fixed air and aqueous 
Vapour the fame number of degrees multiplied by three. 
•Having proved that pure air at the common tempera- 
ture of the atmofphere contains 15 50 degrees of heat, if a 
certain quantity of pure air, not in contaft with any body 
that would immediately carry off the heat, fhould fuddenly 
be converted into fixed air and aqueous vapour, th^ heat 
contained in the former would raife the latter 1550 de» 
grees multiplied by three, or 4650 degrees ; and thetem* 
perature of red hot iron being 1050, it follows that the 
quantity of heat yielded by pure air, when converted into 
fixed air and arjueous vapour, is fuch (if it were not diflS* 
pated) as would raife the air and vapour fo changed to 
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more than four time^ the excefs of the heat of red •hot 
iron abcve the common temperaiture of theatmofphere. 
If, therefore, the abfolute heat which is difengaged from ' 

the air in refpiration were not abforbed by the blood, a , ' 
Very great degree of fenfible heat would be produced in 
the lungs. 

Again, having proved that the fame heat which raifes 
tenous blood 113 degrees will raife arterial only 100 de- 
grees ; the fame heat which raifes venous blood any given 
pumber of degrees will raife arterial a lefs number, in the 
proportion of IQO to 115, or of 20 to 23. But venous 
blood contains at leaft 1580 degrees of heat : hence, if a • 
certain quantity of venous blood, not in contaft with any 
body that would immediately fupply it with heat, (hould 
fuddenly be converted into arterial, the heat contained in 
the former would raife the latter only |^| of 1580 degrees, . 
or 1373 degrees; and confequently the fenfible heat 
would fufier a diminution equal to the difference between 
1580 and 1373, or nearly 200 degrees. But the com- 
mon temperature of the blood is 96 : when therefore 
vfenous blood is converted into arterial in thejungs, if it 
were not fupplied by the air with a quantity of heat pro- 
portionable to the change it undergoes, it's fenfible heat 
would be diminiflied 200 degrees, or it would fall from 
96 to 104 below the zero of Fahrenheit. 

That animal heat depends upon the feparation of ele- 
mentary fire from the air in the lungs is likewife, accord- 
ing to Dr. Crawford, fupportedby experiments made in 
fupport of the third aiid fourth propofitions. For from 
thofe of the third it appears, that when bodies are united 
with the inflammable principle they part with a portion 
of their elementary fire 5 and when this is again difen- 
gaged, they reabforb an equal portion of this fire from 
the furrounding bodies. It alfo appears, from thofe 
of the fourth propofitiou compared with the difcoveries of 
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. , Prieftley and Cavendifh, that when pure air is combined 
with the inflammable principle, in the ftate of ligh% in- 
flammable air, it is changed into aqueous vapour ; but in 
the ftate of heavy inflammable air it is converted into 
^xed air ; that wax, oil, and tallow confift chiefly of 
heavy and light mflammable air in a folid ftate ; that, 
when pure air is altered by the combuftion 6f thefe fub- 
fiances, fixed air and aqueous vapour are produced, and 
the fame produfls are obtained when that fluid is altered 
by the refpiration of an animal. Hence it follows, that 

' in refpiration and combuftion the pure air is altered in 
it's properties by combining with the inflammable prin- 
ciple : and fince we know that the union of thefe ele- 
ments is univerfally accompanied with the extrication of 
heat, and a large quantity of elementary fire is difen- 
gaged from the air in the combuftion of oleaginous ful>- 
fiances in particular, jt may be concluded, that in the 
procefs of refpiration a fimilar extrication of fire takes 
place ; and this is confirmed by fome experiments, the 
refults of which are, that when equal quantities of air are 
xhajiged by the refpiration of an animal, and by the com- 
buftion of a wax taper, the quantities of fenfible heat 
produced\ire nearly the fame. 

It has alfo been proved, that Jthe change the blood un- 
dergoes during it's circulation in the lungs is fimilar to 
that which folid bodies undergo when melted ; i. e. their 
capacities are increafed : and fince when folid bodies are 
melted a quantity of heat is abforbed, it may be conclud- 
ed, that when venous is changed into arterial blood a fi- 
milar abforption takes place. 

Laftly, experiments fliovv, that when an animal is 
placed in a cold medium, the venous blood acquires a 
deeper hue, and a greater quantity of air is altered by re- 
fpiration in a given time than when it is in a warm me- 
dium. Now, Pr. Prieftley has proved that the livid 
colour of the venous blood depends upon it's union with 
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the inflammable principle : hence, the more the blood 
contains, the more it phlogifticates the air in the lungs in 
a given time, and a greater quantity of elementary fire is 
abforbed, in proportion as the animal is in a medium of 
a low temperature. Hetice, the quantity of heat fcp^r 
rated from the air, and abforbed by the blood, is in all 
cafes proportioned to the neceffity : the elementary fire is 
therefore the true caufe of animal heat. 

Animal heat, therefore, depends upon a procefs refem- Source of 
bling a chemical eleftive attra<9:ion. The pure air is re- andthcpw- 
ceived into the lungs containing a great quantity of ele- prJ^d^^l^ 
mentary fire; the blood is returned fr<mi the extremities 
impregnated with the inflammable principle; the attrac* 
tion of pure air to the latter principle is greater than that 
of the blood. This principle will therefore leave the 
blood to combine with the air : by this combination the 
air is obliged to depofit a part of -it's elementary fire 5 and 
as the capacity of the blood is at the fame moment in- 
creafed, it will inftantly abforb that portion of fire de- 
tached from the air. The arterial blood, in it's paflage 
through the capillary veflel.v is again impregnated with 
the inflammable principle; hence it's capacity for heat is 
diminiflied, as is fliown by experiments in proof of the' 
fecond propofition. It will therefore, in the courfe of 
circulation, gradually give out the heat it received in the 
lungs, and diffufe it over the whole fyftem. Thus, in rc- 
fpiration, the blood is continually difcharging the inflam- 
mable principle and abforb ing heat, and in circulatioa 
continually imbibing this principle and emitting heat. 
But as heat is not proved to be a fubftance, Dr. Crawford 
does not mean to fay that elementary fire is capable of 
chemical combination; or to affirm that heat is difen- 
gaged from the air in refpiration by means of a double 
ele6live attraction : he only gives conclufions deduced 
from faiSls aad experimental teftimony ; and if it be ad- 
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xnitted as a certain truth, that a diminution is produced in 
the quantity of heat contained in the air, and an increafe 
in it contained in the blood, by refpiration, it will not be 
denied that, in this procefs, heat is continually paffing 
from the air to the blood. 

To this may be added, that as the blood'by it^s impreg- 
nation with the inflammable principle has it's capacity for 
heat diminiihed, fo, on the contrary, thofe parts of the 
fyftem from which it receives this principle will have 
their capacity for heat increafed, and will confequently 
ftbforb heat. 

The capacities of thofe parts which give out the in- 
flammable principle are not however fo changed as to 
^ abforb all the elementary fire during circulation 5 for then 

it would be neceflary to have recourfe to fome other caufe 
. to account for the fenfible heat produced in the circula- 
tion : hence, a part of the fire feparated becomes redun- 
, , dant. This is likewife fupportedby an extenfive analogy ; 
Art^al for the procefs by which the arterial blood is phlogifti- 
^^at«d^ cated during it's paflage through the minute veflels is fi- 
thefame milar to that bv whlch pure air is phlorifticated in the 

way as pure . 10 

air in com- combuftion of oleaginous fubftances. In the l^itter pro- 
*^°' cefs, the inflammable principle Is feparated from an earthy 
bafis, and combined with the air 5 in the former, it is fe- 
parated from the putrefcent parts of the fyftem, and com- 
bined with the blood. In both cafes, the capacity of the 
body which parts with it is increafed, and that of the body 
which receives it, diminifliea ; and fince in combuftion a 
quantity of heat becomes redundant, the conclufion is, that 
the fame happens in circulation. It muft, however, be 
granted, that thofe parts of the fyftem which communi- 
cate the inflammable principle to the blood have their ca- 
pacity increafed, and therefore a part of the fire feparated 
from the blood will be abforbed ; .and to this caufe is 
perhaps owingi that lefs heat is produced by an ^animal 
than by the burning of a wax taper,' the quantities of air 
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confumed being equal; for, probably, the putrefcent ' 
juices aa foon as they have given the inflammable princi- 
ple to the blood fly off in the form of infenfible perfpira- 
tion, carrying a part of the fire detached in circulation : 
the portion of fire thus abforbed, however, is not very 
confiderable, as appears from the quantity of heat which 
becomes fenfible in the animal body. It therefore ap- 
pears, that the blood 'm it's progrefs through the fyftem Part of the 
gives but the elementary fire it had received in the lungs ^l *""" 
from the air, a fmall portion of which fire is abforbed by 
thofe particles which impart the principle to the blood, 
and the reft becomes redundant, or is converted into 
moving and fenfible heat. 

. Dr. Crawford then recites the principal fa£ls relating Principal 
to animal heat in the following manner : j*^ to'anil 

1. He is of opinion, that the doftrine juft flated ex- "^**«*^ 
plains the reafon why breathing animals have a higher 
temperature than thofe which are not furniflied with re- Animait 
fpiratory organs ; for it has been proved, that the former Mtor^oj^** 
are continually abforbing heat from the air ; and it is pro- f ?"• ***^* * 

^ . higher tein* 

bable, that to provide an apparatus for the abforption of p«r?.iuie 
heat, was the chief purpofe of nature in giving to fo great which hlvt 
a part of the animal creation a pulmonar)' fyftem, and a ^°^' 
double circulation. The quantity of air changed by a 
man in a minute is found by experiment to be equal to 
that altered by a candle in the fame fpaceof time; and 
hence a man is continually deriving as much heat from 
the air as is produced by the burning of a candle. Na- 
turalifts have remarked, that the cold animals have alfo 
the power of keeping themfelves at a temperature fome- 
what higher than the furrounding medium. ' It is proba- 
ble that in thefe animals the aliment contains more abfo- 
lute heat than the blood ; for, as the blood during it'* 
paflage through the capillary veflels has it's capacity di* 
miniflied, and hence is obliged to give out a part of it'$ 



abfolute heat, the fource from which it is again fupplied, 
' • thefe animals having no lungs, and confequently a want 

of refpiration, is perhaps the aliment. 
Ttepro- 2. prom the experiments of Dr. Fordvce made in 

ccJdinthe seated rooms, it appears that the animal body has, in cer- 
^^l tain fituations, the power of producing qold, or of keeping 
itfelf at ^ lower teniperature than the furrounding me- 
dium. This could not arife folely from evaporation from 
the furface, as fome have fuppofed, as the Do£tor re- 
mained in moid air heated to 130 for 15 minutes, when 
the thermometer flood at 100 under his tongue, and 
flreams of moifture ran from his whole body, from the 
condenfation of vapour, as appears from a fimilar con- 
denfation on the furface of a Florentine flaflc filled with 
water at 100. He found a dog could live without much 
inconvenience a conGderable time in air, at 260, the body 
of the animal being never raifed more than two degrees 
above the natural ftandard. That this generation of 6old 
^ does not arife folely from evaporation, appears from fome 

experiments made by Dr. Crawford upon living and dead 
frogs. A living and dead frog, equally moift and nearly 
bf the fame bulk, the former being at 67, the latter at 68, 
were laid upon flannel in air raifed to 106. Two fenfible 
» . thermometers were placed in contaft with the flcin under 
the axillae, and the order of cooling was obfervcd for 25 
minutes. 
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Th^ thermometers being introduced into the flomach, 
the internal heat was found to be the fame with that at 
the furface. Hence the living frog acquired heat more 
flowly than the dead one. A living and dead frog were 



ANIMAL HEAT. 95 

taken at 75, isind immerfed in water at 93, the living frog 
being placed in fuch a fituation as not to interrupt refpi- 
ration. 

Minute. Dead Frog. Living Frog. 

In 1 ^ 85 81 

2 '^ 88i 85 ^ 

^3 90i 87 

5 • 91t 89 

6 91^ 89 
8 914 89 

Since therefore liviog frogs have the ^ower of pro- 
ducing cold in warm water, as well as in warm air ; and 
fince the human body has the fame power in a moift as 
well as in a dry air ^ we may conclude that this power 
does not folely depend upon evaporation. Dr. Crawford' 
therefore explains it as follows : — It appears from experi- 
ment that the capacity of the blood for containing heat is 
fo much increafed in the lungs, that if it's temperature 
were not fupported by the heat feparated from the air in 
refpiration, or the parts* adjacent, it % would fink 200 de- 
grees. Hence, if evaporation from the lungs be fo much 
increafed as to carry off all the heat detached from the air, 
the arterial blood, when it returns by the pulmonary vein,' 
will have it's fenfible heat greatly dimini (bed, and will 
confequently abforb heat from the veffels in contaA with 
it and the neighbouring parts. The heat thus abforbed 
in the greater veflels will again Jdc extricated in the ca- 
pillaries, where the blood receives a frefti addition of the 
inflammable principle. If in this cafe the blood, during" 
each revolution, were to be equally impregnated with it, 
the whole efTeft of the above procefs would be to cool 
the fyftem at the centre, and convey the heat to that part 
of the body where it can be inftantly carried off by eva- 
poration. But it appears that, when an animal is placed in • 
a heated medium, the blood is lefs inipregnated ; for thd 
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venous blood in this cafe becomes gradually paler and 
paler^ till it is nearly like arterial ', and it is proved by 
Dr. Prieftley, that the livid colour depends upon combin- 
ing with the inflammable principle in the minute vcjQTels. 
Since^ therefore, in a heated medium, it does not afliimc 
the fame livid hue, we may conclude it does not take \n 
an equal quantity of the phlogiftic principle ; arid this 
conclufion is confirmed by experiqicnts, which prove that 
the quantity of air an animal phlogifticat^s, in a given 
, time, in a warm medium, is lefs than in a cold medium. 

It follows, froiQ thefe fafts, that the quantity of heat 
given by the blood in the capillaries will not equal what it 
had abforbed in the greater veffels, or pofitive cold will be 
produced. For example : — If the blood in paffing to the 
capillaries abforb from the greater veflfels a quantity of 
heat as 200, and if, from not receiving a lefs impregnation ., 
of the phlogiftic principle than formerly, it gjve off at the 
extreme veffels a quantity of heat only a$ 150, ar degree 
of refrigeration will be produced as 50 ; and this refrigera- 
ting caufe will continue to diSt while the colour of the 
venous is approaching the arterial, till it comes the neareft 
poffible ; after which it will ceafe to operate. Thus^ when 
animals are placed in a warm medium, the fame proceis 
which formerly fupplied them with heat becomes for a 
time the inftrument of producing cold, and probably prc- 
lerves them from fuch rapid alterations of temperature as 
tmgiit prove fatal to life. Upon the whole, the increafed 
evaporation from the furface, and the diminution of /that 
I power by which the blood in it's natural ftate is im- 
pregnated with the phlogiftic principle, feem to be the 
great caufes on which the refrigeration depends. By the 
V firft the animal is cooler at the furface, and by the fecond 
ao accumulation of heat at the centre is obviated. 

The power which animals pofiefs of cooling themfelves 
at the^gtotte, when placed in a medium above their natu- 
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nl heat, feenis peculiarly neceffary to preferve life. Por, 
as the heat received at t;he furface is fpeedily^^ in fucb cafes^ 
carried towards the internal parts by the reflux of the 
heated fluids, if it were not abforbed and rendered infen«> 
fible by the change of the blood in the lungs, the central 
heat would probably foon be fo increafed as to deftroy 
the vital principle. 

3. The reafon is now evident Why animals preferve an The equii 
equal temperature during the great variations of the heat IS^f' 
of the atmofjphere, arifing from the changes of weather "*^*^' 
a^d difference of feafon and climate, * 

From experiments in proof ot the fourth propofition 
it appears, that in i^fpiration the difference between the 
purity of the inhaled and expired air is increafed by ex* 
pofiiig the animal to cold ; and likewife the difierenoebe^ 
tifFeen the colour of the artecial and venous blood is aug- 
mented from the fame caufe. But the quantity of fire fe^ 
parated from the air muft be in proportion to thefe dif* 
ferences. For, as the extrication of heat from that element 
18 jHTodqced by it's phlogiftication, the more completely a 
given portion of dr is phlopflicated, the greater will be 
the quantity of heat detached from it. The fame with re*^ 
fped: to the phlogiftication of the blood • It follows, as foon 
ss by expofure to cold an unufual diflipation of the vital 
heat is produced, the blood will begin to be more deeply 
phlogifticated ; hence will give more of it to the air, and 
in return get a greater portion of fire. In fummer the 
reverie will take place ; the air will be lefs tainted by re- 
fpiration, a fmaller portioii of the phlogiftic principle will 
.beattrafted by the blood, and the quantity of fire aKforbed 
will be proportionably diminiflied. Hence the heating 
arid cooling" powers in the animal body are fo adjufted to 
each otherj as to produce an equal effeft ; and cotifequently 
the law by which animals maintain an uniform tempera-t . 
ture is fimilar to that by which the temperatures of bodies 

yot. III. K 
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become fixed when, they have arrived at the melting oi* 
freezing points. When freezing water, for example, is 
expofed to a cold atmofphere, the quantity of elementary 
fire carried off by the furrounding air is precifely ba^, 
lanced by what is extricated from the water at the moment 
of congelation. In like manner, when an animal ia ex- 
pofed to a cold atmofphere, the quantity of heat carried^ 
off by the circumambient medium is balanced by what is 
. detached frojn (he blood in circulation. On the contraiy^ 
vvhen ice i^ placed \n a w^rm atmofphere, the whole of 
the heat it receives is rendered infenfible ; and it has beei^ 
ihown, that when an animal is placed in a warm niedium, 
a fimilar extinAion of the heat takes place. 

Hence the power animals ppffefs of generating heat is 
in all cafes proportioned to the demand. It is increafed 
by the winter colds, ditninifti^d by the fumm^r heat?> ai^ 
IS totally fufpended, or converted into a contrary poWer, 
as the exigencies of the animal may require. 

As the quantity of air an animal phlogifticates in a 
warrn piedium is not Ip great as in a cold one, it follqws, 
that in countries between the tropics tb6 air will be left 
pontaminated, ceteris paribus, J>y the tefpiration of ani- 
mals than in the temperate and frigid zones ; and the dif- 
ferenqe is confiderable, ifwe repolleft that the phlogifti<* 
cation of a given quantity of air by ar^ ^nim^l at the tera-^ 
perature of 30, was found to be twice fis great as that 
produced by the fame animal in an equal time at 100. 
In thofe parts of thp earth, therefore, in which the cout 
lamination of the air is increafed by the influence of beat 
\\poii dead SLTiim^l fubflances, that element fuflains lefs inf 
jury from the refpifation of living animals, 
is hoUrT*^ 4, Among different animals, thofe are the hotteft which 
proportion breathe tjie greatcft quantity of air in proportion to their 
breaihesin bulk; and in the fame animal the degree of heat is i^i 
jime.^ ' fpipe pieafurp groportionaWe to the quantity of ^r inhale^ 
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VOL a given time. Hence in exercife, by the aAion of the 
mufclesy the venous blood is returned from the extre* 
mities^ in greater quantities than ufual, to th^ right auri* 
cle of the heart. Bv the a6lioh of the heart it is deter- 
mined to the lungs. ^The refpiration is accelerated, the 
velocity of circulation increafed, and hence a proportion- 
able increafe in the quantity of heat abforbed. The cold 
ftage of fevers is preceded by languor, and a diminution 
in the aftion of the heart and arteries. The refpipation is 
fmall, the quantity of blood which pafles through the 
lungs in a given time is diminiflied; and hence lefs phlo* 
gifton will be difcharged from the blood, and confequently 
lefs heat feparated from the air. In putrid fevers, as the 
folid and fluid parts of the fyftem are in a putrefcent Aate^ 
and confequently retain the principle of inflammability 
with lefs force, a greater quantity of this principle will 
be difcharged from the lungs, the air will be more copi- 
oufly fupplied with it in the procefs of refpiration, ai^4 
will, therefore, impart to the blood a greater proportiou 
of it's ab(olute'heat. To thefe caufes it is probably owin^ 
that the heat of the human body never rifes fo high as ia 
putrid fevers. 

5. Topical inflammation is accompanied with rednefs. The in. 
tumoMf, and unufual heat. From the throbbing of the heaUn^^' 
veflels, )md from microfcopical obfervations, it appears J^P^*^***?" 
that the velocity of the blood through the part inflamed is 
accelerated. Hence the blood ii more copioufly fupplied 
with phlogiflon, and a greater quantity of heat will there* 
fore be extricated in a given time. This heat will ftimut- 
late the* veflels into more frequent and forcible contracf , 

tions, by which the velocity of the blood, and the confer - 
quent extrication of heat, will be flill further increafed. 
It is on this principle that, according to Dr. Crawford, w^ 
may perhaps account for the partial heats produced by 
topical in^amxx)ations, and for thofe in he£Uc and pervoy^ 
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4ifeafes. Heat in topical inflammations is accumulated 
by the incrcafed velocity of the blood through the part 
inflamed^ in .the fame manner as it is accumulated upon 
the fuel in conibuftion by dire6iing a dream of frefh air 
into the fire, 
^^i^f^rzi Mayow has alreadv/been confidered as the firft amonefl 

conje^ures . ® 

that refpira- the modem' philofophers, who fhowed the caufe of 
c^buftion combuflion and refpiration to be the fame. It however 
fhel/'*™ appears that feveral had preceded him, if not in e;cperi- 
caufe. ment, at leaft in conjcfture. Something was^ fuppofed ta 
^xift in the air, equally neceflary to refpiration suid com-: 
buftion, fo early as the beginning of the fev^nteenth cen-. 
cury, Pegelius, in a book entitled Thefeurus Remm 
feledarum, magnarum', dignarum, utllium, fuavi^^m, pro 
Generis humani Salute -oblatus, Au£l, Magno Pegelio, 
16*04, fays, ^^ quod der rf/piratione attraSlus^ corpus to- 
** turn fubintret, et niotum continue cum vita reftituat 
^^ et fullentet, et illud quod hinc continue exterius de« 
^"f fluit et quod per os iterum ex interioribus feu ex toto 
^^ egreditur, reftituatetfubimpleat; nonfecusquam ](g^B/V 
^^ ex acre attraSiQ et corpora excalefa£ta et ardentia pene- 
" trante fubindegeneraturet licalitur," We are inform- 
ed by Dr, Thornton that Hooke, in his Micrographia 
printed iq Nov, 1 664, had made fome difcoveries relative 
to the ufe of air in combuftion and refpiration, by which 
he preceded Mayoyr nearly four years ; '^ th^ |iir beijig 
'* a fubjeft,** fays Hooke, ^^ which (although all the 
** world has hitherto lived and breathed in, and been con- 
*'* verfant about) has yet been fo little explained, that a 
*' diligent inquirer will be able to find but very little in-« 
** formation from what has been (till of late) written upon 
^' It : but being once well underftood, it will, I doubt not, 
^' enable a man to render an intelligible, qay, probable, 
*^ if not the true reafon of all the phenomena offing 
** which, as it has been found by writers and philofophers 



'*'<^ of all ages, i tilitterbf 1)0 fmall difficulty. As ittiy bit 
^* fufficiently uhderftood by their ftraiigc hypothefes and 
" unintelligible folutions of fome few phenotnena of it ^ ' 
" fowill it prove a matter of ho fmall concern and ufe in 
^^ human affairs, when t come to IhoW the ufe of air in 
** refpiration^ and for the prefervation of the life } nay, 
^' for the confervation and • reftoratioh of the health and 
^^ natural cphftitution of mankind, .as well as all other 
*^* aerial animals J as alfo the ules of this principle or 
^* property of the air in ch)maical, mechanical^ and other 
** operations/* 

A thii;d inftatice of the procefs of Jrefpitation having 
been- compared to combuflion, is in the colle&ion of 
Wedel, publiftied at Jena in 1 686 ; * the title is, « G. W. 
WedelExercitat.Med.Phyfiol. 8cc. Jena, 1686/Mn which 
is a diflertation, ** Von der thierifchen Wserme^ Nutzen 
des Atbemholefs, &c. \** and finally> this refemblance 
was obibmd by Dr. Black. ' 

It aj^fears, therefore, that the fitnllarity betweeri dotn^ 
buftion and refpiration, or that the principle was the fanie 
that was confumed in bodi, had already been noticed> al^^ 
though in a vagu^ manner } but the properties atid tiature 
of this caufe^ which exifts in the atmofphere, had efcaped 
their obferVation } and hence the mofl neceflary-partof 
the fun^ioii pf refpiration was utikhown ; for> before any 
real light could be thrown upon this obfcure fubje£t> 
fevefal fa£ts were neceffary to be acknowledged. 

1ft. That caloric (matter of heat) is a cotiflituent part 
of fluids^ and that it is to this principle they owe their 
expanfibility, their eiafK(Jity> and feveral other properties 
We know they polfefs. 

2d. That the attnofpherlc air is cOmpofed of two aeri-» 
fi>nn fluids, /. e. of about on^ fourth part of vital air> 
and three fourths of azot gaSh 

3d* Thfit the baii» of vital air, <i}cygen> U aprinclpk 
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common to all acids^ and that it is this which con((ituftf 
their acidity* 

4th. That carbonic add gas (fixed air) is thie refultof 
the combination of about 72 parts in wei^l of oxygen^ 
* and of 28 parts of carbon (pure charcoal)/ 

5tb- That lefs caloric enters into the compt^tion of a 
given volume of carbonic acid gas, than of an equal voIuiAe 
of vital air; and that it is on this account that caloric 
is disengaged during the combuftion of carbort, /. ^.dar- 
ing the converfion of vital air into carbonic acid gas by 
the addition of carbon. 

ith." Laftly, that water is not an element, nor a fimple 
fubftahce, as the ancients fuppofed, biit that it is com- 
pofed of 14.338 parts of oxygen, and of 85.668 parts of 
hydrogen. 

Thefe fafts being eftablifhed, a great deal was done in 
the explication of the produftion of animal heat. 

From the fuppofition of the Stahlians, air was pblo- 
gifticated by refpiration as well as by combuftion 5 but 
Lavoifier announced in 1777> in a memoir read to the 
Academy, that refpiration was a flow combuftion of a 
portion of carbon which the blood contains, and that ani- 
mal heat is caufed by a portion of the caloric that is dif- 
' engaged at the moment of the converfion of the vital air 
of the atmofphere into carbonic acid gas, as happens in 
the combuftion of charcoal ; but he offered it only as a 
very probable conjeSure : whilft Crawford, who had dif- 
covered the caufe of it nearly at the fame time as Lavoi-^ 
fier, and in the fame year, publiflied his very interefting 
work in 1779, in which he collefted a number of experi- 
ments to realize this fufpicion. In 1788 a very enlarged 
edition of this work appeared, , from which the acct>unt 
given of his dodlrine is taken, and from which ^t feemi 
that Dr. Crawford ably fupports the phlogiftic fyftem. 

The experiments which Lavoifier and de la Place 
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^ublitfied in 1780 confirm the opinion the firft chemlft 
had conceived, and totally overturned the theory of phlo- 
gifton. To determine the effeSs of refpiration and com* Effeas of 
bufiloti upon air, thefc two chemifts introduced a guinea-^ and com^ 
pig under a glafs veflel containing 248.01 inches of pur6 *'"^*""^ 
air, and let it remain there an hour and a quarter. After hyUi^oiCiet 
having taken away this animal, bymaking it pafs through pucc« 
thfe mer^uryi and left the interior air to become of the 
temperature of the atmofphere, it was reduced to 240.25 
inches. Having afterwards abforbed the fixed aif by 
cauftic alkali, there remained 200.56 inches df air. In 
this experiment, therefore, there were 46.62 inches of 
pure aif changed, and 37.96 inches of fixed iiir produced^ 
making an allowatice for the fmall quantity of fixed air 
contained in the pure air of the veflel. Now of the vo- 
lume of pure air thus changed, 0.814 will be it's volume 
diminiihed by refpiration } whilft in the combuftion of 
charcoal the volume of air is diminiihed in the ratio of 1 
to 0.748^8. This diflerence may in fome degree arife 
from the difference of meafure, bulnp^rhaps more fo from 
letting a little of the exterior air penetrate into the veflel 
on introducing the anlmah 

- The weight of the fixed air produced in the above ex- 
periment is 26.572 grains} from which it follows, that 
in the fpace of ten hours the animal would have produced 
SI2.576 grains of fixed air. 

On determining the quantity of fixed aif produced by a 
guinea-pig in common atmofpherical air, it was found to 
tmonnt to 236.667 grains in ten hours ) which diflers 
about one ninth from the preceding experimenfi arifing 
probably from the difference of flze in the two animals. 

A third experiment, made upon aguinea-pigindephio-* 
gifticated sur^ aflbrded 226 grains of fixed air in \en 
hours. 

On taking the medium of thefc experiments, and fomc 
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others tnade by thefe chemi(ls> both in dephlogifticatd 
and atmofpherical airs, it appears that the quanUity of 
fixed air generated by the refpiration of the guinea-pig ifi 
ton hours amounts to 224 grains. Since thefe expen-» 
ments were made at a temperature of 14 or 13 degreesf 
thefe chemifts think it poffible that the quantity of fixedt 
lur may be fomewhat lefs than at a temperature of zecoi 
which was that of the interior part of the veflels i hencei 
to be more exaSty the produ&s of fixed air ought to ^ 
determined at this laft temperature. Having proved^ by 
experiment^ that in the combuftion of charcoal the for^ 
mation of one ounce of fixed air is able to melt 26,6^ 
\ ounces of ice, it follows that the formation of fl24 grains 
of fixed air ought to melt 10^38 ounces. Confequently 
^ this quantity of melted . ice reprefents the heat produced 

by the refpiration of a guinea-pig during ten hours. 

. Iti the experiment on the animal heat of a guinea-pig^ 
It was taken from under the glafs yefiel nearly of the lami 
heat with which it was introduced $ for it is virell knowii 
thai the interior heal of animals is always nearly the 
fame, but, without a continual renewal of this heat, what 
it pofiefied at flrft would be entirely diilipated, like that of 
n inanimate body: ihis heat therefore which it oommu« 
nicates to the furrounding fubdances, and 'which ipT this 
experiment was communicated to fome ice placed -under 
the veffel, of which it melted in ten hours thirteen 
ounce5> is renewed by it's vital fufl£iions. This quantity of 
melted ice reprefents, therefore, nearly the heat renewed 
in that fpace of time by refpiration. Perhaps it may be 
neceflary to fubtraft a couple of ounces or more, fince 
the extremities of the body of the animal became cooled 
in the veffel, although the interior of the body preferved 
nearly the fame temperature : befides, the humburs eva* 
porated by it's internal heat melted, on oooling, a fm»H 



tqjttantuy of ice^ and united with the water which ran 
from the vefleU 

On dedu&ing^ therefore^ about two ounces and a halt 
from this quantity of ice, the remainder will be thequdn* 
lity melted by the refpiration of the animal; and if the 
errours which are inevitable in fuch experiments be confi<» 
dered, perhaps a more perfeft coincidence between tbefe 
refults cannot be expected. 

jEIence, according to thefe chemifts^ the heat difengaged 
during the converfion of pure into fixed air by refpira^ 
tion may be confidered as the principal caufe of the pm^ 
fervation of animal beat ; and if other caufes concur ia 
it's fupport, their efleft is inconfiderabie* 

From thefe experiments thefe chemifts conclude that 
refpiration is a combuftion^ which^ although very flow, Refpita^oik 
is perfeAly fimilar to that of charcoal ; rfiat it takes plac^ combSi^* 
in the interior part of the lungs without difengaging any 
fenfible light,' becaufe the matter of fire, become free, is 
fanmediately abforbcd by the humidity of thefe organs; 
tiiat the heat thus extricated, in this combuftion is com* 
municated to the blood which traverfes the lungs, and ia 
from thence difiributed all over the fyftem. Hence the 
«r we breathe ferves two purpofes equally neceflary to 
our prefcrvation— it takes from the blood the bafis of the 
fixed air^ the fuperabundance of which woiild be hurtful; 
and the heat depofited in the lungs by this combination ' 
repairs the continual lofs of beat brought about by the 
atmofphere and furrounding bodies. ^ 

Animal beat is nearly the fame in all parts of the body; 
which effeft appears to depend on the three following 

caufes: thecqualitf 

1ft. The rapidity of the circulation of the blood, which feaJ!'"^ 
tranfmits immediately, even to the extremities of the body^ 
Mte beat it receives in the lum[s« 



fid* Tbe Irvaporaiion produced by the heit in thefe 
organs^ and which diminifhes the degree of theic tenv* 
peratitre. 

3d. The augmentation obfefved irt the fpecific heat of 
the bloody when it is deprived of the bafis of fixed air it 
contains by the conta£t of the pure air : hence> a part of 
the fpecific heat developed in the formation of the fixed 
air is abforbed by the bloody it's temperature remakiii^ 
always the fame ; but when in the circulation the blood 
comes to receive again this bafis of fixed air^ it's fpecific 
lieat diminifhes^ and fome beiart is extricated ; and as this 
combination is made in all parts of the body^ the heat it 
produces contributes to fupport the temperature ef the 
parts diftant from the lungs nearly at the fame degree at 
that of thefe organs. From this way of reafoning the 
■ chemifts eftablifh the following propofitions ; 

When an animal is in a permanent and tranqyil ftate^ 
when it is able to live a confiderable time without fuf- 
fering in the medium that furrounds it: in generate whca 
the circumftances in which it is do not fenfibly change 
it's blood and humpurs^ fo that the animal fyftem after 
ieveral hours undergoes no fenfible variation, the prefer-^ 
vation of the animal heat is owing, at lead in great pa^^ 
to the heat produced by the combination of the pure air 
refpired by animals with the bafis of the fixed air fur« 
nifhed by the blood. 

Hence, on comparing the heat difengaged ^)y the com^ 
buftion of charcoal with the quantity of fixed air formed 
during this combuftion, the heat developed in the JTorma- 
tion of a given quantity of fixed air is obt^ned s if, then, 
the quantity of fixed air produced by an animal in a 
given time be determined, the refuh will be the heat arif- 
ing from the adion of it's refpiration on the air 5 and it 
only remains to compare this heat with that which fup* 
porta it's animal heat^ and to meafure the quantity of ice it 
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tttelw in the interior of the veffel : and if, as has been 
found by the preceding experiments, thefe two quantities 
o^ heat are nearly the fame, it may be concluded that it 
is to the change of pur^ into fixed air by refpiration that 
the prefervation of animal heat is owing, at leaft for the 
moft part. 

In refpiration, as in combuftiort, it is the air of the at- 
mofphere that furnifhes the oxygen and the caloric 5 but 
as in refpiration it is the fubflance even of the animaT^ 
the blood, which furnifhes the combuflible part, if ani- 
mals did not habitually repair by nourifhment what they 
lofe by refpiration, the oil would foon be wanting to the 
lamp, and the animal would perifh like an extinguifhcd 
Candle. There are even inftances cited by authors of this 
combuflion being fo rapid as to confume the greater part • 
of the body. Thus a female defcribed by Wilmer, or the EJJ,J^^-J^, 
inflammable woman of Coventry ; the countefs Cofneiia ry c^«* 
Bandi, near Cefena, in Romagna; another woman at animal 
Chrifl-church, in Hampfhire 5 and Grace Pots, at Ipf- 
wichj were confume^ by an internal fire, fo eager were 
the principles of which they were compofed to combine, 
as Dr. Beddoes fays, with oxygen. Thefe remarkable 
inflances, however, of quick combuflion carried on ia 
the body are very rare. 

The proofs therefore of this identity of eflfefts between 
refpiration and combuflion are taken immediately from 
experience. Indeed, the air that has been refpi^ed no 
longer contains, at it*s departure from tbe lungs, the fame 
quantity of oxygen ; it contains not only carbonic acid 
gas, but likewife much more water than it did before in- 
fpiration. Now, fince vital air cannot be converted into . 
carbonic acid gas without the addition of carbon, or into r 
water without hydrogen ; and fince this double combina- 
tion cannot take place without the vital air lofing a part 
#f it's fpecilSc heat, the confequence is, that the efie& of ' 



jrcfpiration is to extra^ a portion of hydrogen and carbott 
from the bloody and to depofit in their place a portion of* 
it's fpecific caloric^ which during circulation is diflriboted 
with the blood into all parts of the animal ceconotny, and 
fuftains that temperature obferved in all refpiring anipials^ 
and which, if nothing extraordinary happen, is nearly 
conftant. It may therefore be faid with the ancient poets> 
that the torch of life is lighted the moment the infant 
breathes ; a gentle cojnbuflion^ produftlve of the vital 
fexpeti*. flame, which is only extinguiflied by death, Since^ dur* 
feuin and^ ing refpiratioH, a great quantity of carbon aiid hydrogeii 
determine froo^ the blood is Converted by uniting with the oxygen of 
S*carboni<r t^^^^^^into carbonic acid gas and water, and confequently 
•cid :,is and a great deal of caloric let loofe ; Lavoifier and S^uin have 
ed during made fomc experiments to endeavour to find the quantitjr 
re^iraiion, ^f carbonic acid gas and water which is formed } and ai 
there is an aqueous ematiation not only from the lui:^> 
but alfo from the -furface of the body, which is called 
perfpirationj they were likewife defirouS of knowiiig the 
quantity extricated from fo large a furface, and of com<^ 
jparing, as near as circumftances would permit^ the con- 
nexion arifing between refpiration, perfpiration, and di- 
geftion* The invifible vapour or emanation that tates 
place from the furface of the body they have called cuta* 
mous perfpiration*^ and that which is extricated from the 
lungs at each expiration, pulmonary perfpiration^ 

Sanfilorlus was the firft who undertook to make expe* 
riments on the cutaneous perfpiration : for thi§ pur];K)fe 
he placed himfelf in a chair adapted to a pair of fcales^ and 
he determined the quantity of perfpiration by the lofs of 
weight he experienced. 

Before his time^. nothing but con)efl:ufe determined the 
cfTefts of this cutaneous fundlion J and although this phi* 
lofopher was the firft experimental inquirer on the fiib-' 
jefl:, many things were wanting tp make him fucc^fefuL 

a 
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The phenomena of refpiration, and the formation of 
Water and carbonic acid which accompanies it — the two 
fpecies of evaporation, one of which is effefted by folu- 
tibn hi the air, and the other by the fimple combination 
of caloric with the evaporated liquor, were unknown. It 
was not even fufpefted that the principal caufes which 
influence refpiratioh are the greater or lefs denfity of the 
air. It's temperature, and it's degree of drynefs or humi- 
dity. San£l:orius, deprived of thefe preliminary fafts; 
confounded all the efFefts which arofe from his experi- 
ments. 

In order to feparate the cutaneous perfpiration, thefe 
two chemifts made ufe of a garment of filk, coated with 
elaftic gum; fo as to prevent the air and humidity from 
penetrating. When this was put on, it was tied at th6 
top of the head by a ftrong ligature, whilft a' tube was 
adapted to the mouth, fo as not to let any air efcape, to 
l>reathe through : hence, whatever was refpired pafled 
externally, and whatever perfpired, internally* 

By being weighed on entering this apparatus, and after 
having departed from it, the difference gave the lofs of ' 
weight owing to the united eflefts of refpiration and per* 
fpiration; and by being weighed a few inftants after having 
entered and before iieparting from it, the lofs of weight^ 
owing only to the effefts 'of refpiration was obtained. 

The greateft difficulty which the chemift had to con-* 
tend with was the feparation of the produfl:s of refpira- 
tion, of pulmonary and of cutaneous perfpiration; for it 
is neceflary to know, that there continually oozes into . 
the lungs an humour feparated from the blood, which 
filters through the membranes of the lungs, and which 
js'-compofed principally of hydrogen and of carbon. 

It is this huLmour which, beiog greatly divided at the mo- 
ment it comes from the fmall extremities of the exhaling 
veflels of the lungs, is in part confumed by decompofing 
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the vital air with which it was in conta£^, and formt 
during this combuftion water and carbonic acid gas. It 
is not ailoni(hing that this combullion (hould ezift in the 
lungs, when it is feen that dung, the nature of which ap- 
proaches much to that of blood, burns at the ordinary 
temperature of the atmofphere, /. e. at 8° or 10^. . 

The carboijic acid gas therefore, formed during refpira- 
tion, being in a fluid ftate, it is eafily cohceived how it is 
evacuated by the a(9:ion of the lungs at the moment of 
expiration ; but the cafe is not fo with the water formed 
at the fame time. It would foon accumulate in the 
bronchia, if nature had not the means of evacuating it, 
one of which is this. The air enters cool into the lungs; 
it departs from it with a heat nearly equal to that of the 
blood : now the hot air diflblves more water than cold 
air, and it is from this increafe of caloric that it carries 
away with it the water exifting in the lungs. 

This water is of two forts ; 1 . that which oozes with 
Ihe carbonated hydrogen, or the water of pulmonary per- 
fpiration, properly called. 2. That which is formed by 
the combination of the oxygen of the air with the hydro- 
gen of the blood, or the water of refpjratipn. 

Thefe chemifts were able to obtain the r^fpe£live quan-* 
tities of thefe two portions of water. 

The apparatus they made ufe of was fo difpofed as to 
be able to meafure, with great exaftitude, the quantity of 
water and of carbonic acid exhaled, as well as the quan-t 
tity of air before and after the experiment ; for it is ef^fily 
conceived, that being acquainted on the one fide with the 
total fum of the water come from the lungs, and on the 
other, the quantity of carbonic acid gas formed, it would 
be eafy to determine, by a very fimple calculation, the 
quantity of water formed, and the quantity of water 
^wing to the pulmonary pcrfpiration. But 14 the fo]u« 



tSon of thk problem, it is taken for gramed^ that ^\l the 
carbonic acid gas difengaged at each expiration is formed . 
in the Kings, and during circulation. ' 

If the carbonic acid gas difipugaged during expiration 
was in part the produ6i of digeftion, the conAimption of. 
vital air in the acl of refpiration muft be attributed to 
another caufe. The fuppofition muft be, that more 
water is formed, either in the lungs or during circulation ; 
and then the pulmonary perfpiration would be found to be 
diminifted by all the quantity of water which miift be 
attributed to this formation; or it muft be granted, that a 
part of the vital air, being abforbed in the lungs, unites 
during circulation with fome part of our fyftem. 

The increafe of menftnial power, which the air ac* 
quires by being heated in the lungs, is in general fufficicnt 
to evacuate, by way of folution, the two portions of 
water juft mentioned ^^ viz. that arifing from the pulmo- 
nary perfpiration^ and that formed by the combmation of 
oxygen and hydrogen. In this refpeft, nature appears to 
make ufe of fome very curious means of Gompenfation« 
If the quantity of water which oozes through thebron- 
ohial membranes be too s^ndant; if the air of refpira- 
tion, already loaded with .water that is formed, is not ia 
a ftate to diflblve it in fpite of the efforts of a more* ac-» 
celerated refpiration, and in fpite of the increafe of caloric 
proceeding from it, which increafes the menftrual power 
of the air; the excefs is carried b^ck again into the cir^ 
' culation by the abforbent veffels of the lungs, pr ^xpipc^ 
tprated under another.form. 

It is eafv to conceive how all thefe caufes muft in-> 
fluence the phenomena of perfpiration ; that it is accele- 
rated or retarddd according tp the neceffity of the ma-- 
chine — that it ought fopietimes to form more water, 
(ometimes more carbonic acid gas — that, in fhort, the 
pulmonary perfpiration can be augmented or dimini{he4 
by an infinity of ciccumftances. 



Thcfe chemifts found, that the lols of wetgh| of a 
perfbn in an ordinary ilate vasjits from 1 1 grs. a minute 
to 32 ; /• e. in 24 hours from 1 lb. 1 1 oz. 4 drs. to 6lhs, 
comprehending the efie£ls of cutaneous and pulmonary 
perfpiration, and of refpiration. Taking th^ mediiHO, 
ti|e hk of weight is 18 grs* per minute ; and fuppofiog 
it to cpntinue uniformly, it will be 1 oz. 7 drs. an hour, 

and 2 lbs. 13 oz. in 24 hours. 

&• oZa drs* 
Of. thcfe 2 lbs. 13 oz. there belong to 7 , ,. 
eutaneous perfpiration • - - -J 

.^oid to the efife^s of refpiration ^ - a 1 5 



Tdal - - 4 13 



■*i> 



' On (kcompofing the efiefts of refpiration, it wUI be 
found, on a medium, ' 

1. That an individual confumes 38413 cubic ifidies 
of vital m in 24 hours, /; e^ a little moi?^ t|iaj^ f 2 cobk^ 
feet, or 33 oz. 1 dr. 10 grs. 

fik That of this quantity there is em- T 

pkyyed to form water a little more > 13 cubic feet| 

than - - - J 

, And to form carbonic acid a Kttlel 

kfethan - . . } 



2^ 






3» That the volume of carl^onic acid^" 
gas, difengaged from the lungs in/ ^* oz.drs.^r3^ 
24 hours, is 14930 cubic inches, V J^ 7 * 
/. e, about 8 feet 6 cubic JncheSj^^ 
^hicb are compofed of carbon - 

oxygen - O 12 4 



■V 



Total . • 1 17 4 
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4« That the weight of the wat^er^ formed in the lungs 
iif i4 faoon^ amounts to l lb* 7 oz. b drs. SQgrs.^ which 
are coropofed of 

lb. o:t. drs* grs* 

Hydrogen .. .^ o 3 3 lO 

'Oxygen *..... 1 4 2 lo 



I 



Total 1 7 5 20 

5. That the quantity of watei: difengaged ready formed 
by pulmonary perfpiration^ is5oz. 5. drs. 6dgr8« in S4 
hours. 

lb. 9Z* drs. grs. 
Laflly^ Tb^t uniting together the water 
'in 24 hours, by cutaneous 



per^ration^' which amounts to ••«••. 1 14 a 
That difengaged by pulmonary perfpira*- 

U<m 5 5 62 

The quantity of carbon confumed in the 

fame time « O 5 7 O 

And the quantity of hydrogen ..0 3 3 la 



■•i*niMiMM« 



! The total lofs of weight of a perfon in 24 

* hours is • 2 13 O 

11 1 1 I 

Tbefe refults are only to be edimated as probable. 
^ Seguin and Lavoifier have likcwife obferved, that without 
being very particular in taking daily the fame quantity of 
nourifbment; without reftraining thcmfelves to live by 
rule, provided excefs and irregular hours of rcpaft are 
avoided ; the fame individual, after having been increafed 
in weight by all the aliments, returns every day, after 
the revolution of about 24 hours, to the fame weight he 
M the evening before. If this cffe6l does not take place, 
1^ w the confequence of difcafe. 
4 I It is by experience only that man can become a^« 
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quamted with nature ; and the more he interrogates her, 
the more will he be delighted with her wifdom. ** Our 
*^ admiration/' fays the chemift, ** cannotbe fatigued 
'^ with viewing the fyftem of general liberty which na- 
** ture appears to have been defirous to eftabHfti in ev^ 
' «* thing relative to the animal machine. In giving it K/e 
^' and fpontaneous motion, an a£live energy, neceflSties 
*' and paffions, (he has not intcrdifted the ufe of them. 
'^ She was even defirous that he (hould be free in their 
** abufe, but prudent and wife 3 flie has every where fur- 
*^ rounded him with regulators ; and (he has added {a- 
*^ tiety to the fuperabundance of enjoyment/' 
Animal Thc animal machine is therefore governed by thtfe 

machine ... . ^.. i*ii •• 

governed prmcipal regulators : rejpiration, which by operatmg. m 
by three^ ^^^ luugs, :and perhaps likewife in other parts of- the 
regulator;?, fyftem, a flow combuftion of the hydrogen Apd carbon 
- ' contained in the blood, produces ad ifengagement of ca- 
loric abfoluteiy neceffary to the fupport and exiftenceof 
animal heat : per/pi ration ^ v^hich, by Qccafioning a lofs 
of the perfpirable humour, facilitates the difengagement 
of a certain quantity of caloric neceflary to the folutionof 
V this humour in the furroundingarr; and confequently 
prevents,, by the continual coldnefs this difengagement 
produces, the individual from receiving a degree of heat 
or temperature fuperior to' what is fixed by nature : ^ni 
digeflion^ which, furnifbing the blood with water, by* 1 
drogen, and carbon, reftores habitually to the animal . 
machine what it lofes* by perfpiration and refpiration, and 
after\Vards^reje£ts externally fubftances that are hurtful CM? 
ftiperfluous to it. . 

If the caufes which affeft mail are various, his. re^ 
fources are Equally multiplied : his tenapcrament is either 
adapted for motion or repofe„ for abftinence or excefs of 
naurifhment. Similar circumftances permit him to pafi^ 
from «n aftive to a tranquil life, according to his neccf-^ 
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fittes or hU will. If he be in a ftate of inaftion and r6-» 
pofe^ the circulation is How as well as the refpiration^ he 
confumes lefs air^ exhales lefs carbon and hydrogen from 
the lungs^ and confequently has lefs need of nourifhment; 
If he be obliged to work hard, the refpiration is accele- 
rated ; he confumes more air, lofes more hydrogen and 
carbon, and confequently' has need of oftenfer repairing 
what is loft, by a greater quantity of nutrition. In run'» 
ning, dancing, and in all violent exercife$, whatever ac- 
celeration the refpiration and circulation undergo, or 
whatever increafe there is in the confumption of air, of 
hydrogen and carbon, the equilibrium of the animal 
fleconomyis notdiftufbed, whilft the aliments more or 
lefs digefted, always more or lefs in referve in the in- 
teftinal canal-, fupply their lofs ; but if the expenfe made 
by the lungs be greater than the receipt made by nutri- 
tion, the blood is deprived by degrees of it's hydrogen 
and carbon, and difeafe fucceeds. In this cafe the ani- 
mal is advifed of the danger by laffitude, lofs of vigour, 
and h,e finds, the neceffity of reeftabliihing the equili- 
brium by nouriftiment and repofe. The contrary takes 
place, for want of motion and exercife or the ufe of cer- 
tain aliments, or any imperfeftion or vice in the organs 
. of nutrition or refpiration. In thefe cafes, the digeflion 
[ introducing into the blood more matter than the refpira- 
tion can confume, an excefs of carbon or of hydrogen 
I; takes place in the mafs of blood, or perhaps both at the 
fame time. Nature then ftrives againft this alteration in 
Ilie humours ; and if (he cannot recover the equilibrium 
by a more frequent refpiration, difeafe is the confequence. ' 

" Whilft,'* fay thefe two chemifts, ^^ we only con- 
" fidered the confumption of air in refpiration, the lot 
'* of the rich and the poor was the fame, for the air be- 
*^ longs to all, and cofts nothing : the labourer even, 
" from hr^ greater energy, enjoys more completely this 

12 ; 
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*f^ gift of nature : but fince experience has . proved tt'^ 
^' fpiration to be a real combuftion^ that confumes at 
'^ each inftant a^ portion of our fubftance^ that thi^ ctm^ 
*^ fumption is the greater in proportion as the circulation 
^< andrefpiration areaccelerated^ that it increafes accord-* 
^^ ix>gwto,the more laborious and a&ive life* of the indi- 
*^ vidual — a multitude of moral reflexion^ ariffe pf them* 
i^- felvea from fuch efie&s. By what fatality, happens it 
'\ that the poor man^ who lives by the fvsreat of his browj, 

and is obliged to expend the force which nature allots 

him^ confumes more than his i^le nei^hbour^ whilft 
*^ this, lafl: has lefj? need of repairii^?"— ** Why/* ex- 
claim thefe humane chemifls^ '^ by a .{hocking coa- 
^^ traQ^ does the rich man enjoy an abundance wl^tcb is 
^f not pbyfically n^effary for him, and which would 
^^ jfeem tobe deftin^d for the daily labourer? IM us 
^i not however calumniate Najture^ and a.ccufe her of 
^< faults that undoubtedly belong to human infUtutions, 
^f and whi9h ^re perhaps not to be (eparated from theou 
** Let us be content to blefs philofophy and humanityi 
*^. which unite tp procure us fuperior enjoyment . and 
" h^ppinefs, and add to thofe of the indigent/' 

This refult of forces continually varying and conU* 
nu^lly polling each other, which are obferved at each 
moment in the animal oeconomy, is truly to be admired* 
Man, in this refpe<ft, has been more favoured by nature 
than any othgr animals ; he lives equally in all tempera- 
tures and in all cUmates : if he finds himfelf in a cold cli- 
mate, the con (aft of the air with the lungf?, from it's 
greater denfity, becomes more confi.derable ; more air is 
decern pofed, more caloric difengaged, which. repairs the 
lofe caufed by the external cold ; whilft the perfpiration 
diminiflies, evaporation becomes lefs, and confeqtiently 
the cold. 

If he pafTes into a hot climate, the contrary efie6l takes 
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place, Th(s air being lefs denfe, it's contaft with the 
blood is lefs cotifiderable; ids air is decompofed^ leis 
caloric is difengaged, a more' abundant perfpiration i^ 
eftablifhed^ a greater quantity of heat taken away ; and 
it is in this manner that an almoft uniform degree of heat 
is obferved in animals that breathe^ which is aboi:rt 32^ 
of Reaumur. 

Whilft the variation of the eflfefts does not pafs over the 
Hmits afligned by nature, whilft the means of compenfa- 
tion (he employs are fufficient, the animal is in a ftate of 
health. But if the refpiration takes more or lefs hydro- 
gen and carbon by the lungs, than digeftion can fupply ; 
if the perfpiration and frigidity it occafions in concert 
with the exterior air do not take away all the caloric 
ariiing from the decompofition of the vital air in the lungs, < 

or in any other part of the fyftem; if, in Ihort, through- 
out, the receipt is not equal to the expenfe, the animal 
machine is foon difturbed, and the blood changes it's 
quality, either from excefs or want of hydrogen and of 
carbon, or both at the fame time. 

Thefe two philofophers therefore, Crawford and La- Diffwence 
voifier, agree in looking upon the pure air as the prihci- i^V^tfier 
pal fource of the heat extricated in combuftion and re- »"'* Cf*^- 
ipifation : but there appears to be an eflential difference 
in their opinions, which confifts in this, that Lavoifier 
thinks, that the heat, difengaged during thefe two pro- 
cefles, is combined with the pure air ; and that this ffuid 
owes it's aeriform ftate to the expanfive force of this 
combined heat : inftead of which, according to Craw- 
ford; the matter of heat is in a free ftate in the pure air ; 
ind it is only difengaged, from the pure air lofing a great 
part of it's fpecific heat on combination. Crawford fup- 
ports this affertion by experiments, by which he finds 
the fpecific heat of pure air to be 87 times greater than 
that of comihorfwater. ' 

13 
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Girtaoner. Girtanner differs ^n opinion from Lavoifier and Craw- 
ford : he believes, that during refpiration one part of the 
oxygen of the vital air combines with the venous bloody 
tlie deep colour of which it cht^nges to a vermilion; that 
a fecond portion of the oxygen unites to the carbon con- 
tained in the carbonated hydrogenous gas, which exhales 
from the venous blood, and forms carbonic acid gas ; 
that a third portion of the oxygen unites to the carbon of 
the m\icu8 which the lungs contain in large quantity, 
and which is continually decompoiing. This part like* 
wife forms carbonic acid gas. A fourth part of the oxy- 
gen combines with theliydrogen gas of the blood to form 
water, which exhales during refpiration. The calonc 
which the decompofed vital air contained remains in fori, 
united to the oxygen and to the blood : hence = the quan- 
tity of fpecific heat of the arterial blood, which is greater 
than that of the venous 5 another part of the caloric en-^ 
ters into the combination of the carbonic acid gas ; and, 
laflly, a third part produces the neceflary temperature 
for the formation of water, by the combination of hydro- 
. ' gen and oxygen gafes: co^jfequently the (^^j of refpi- 
ration (hould be, — 

1 . The venous blood jofes the carbonated hydrogenous 
ga$ it contains, and abforbs oxygen gas, which gives it 
a vermilion colour,; fuch as it gives to metallic oxyds, to 
the nitrous acid, and- to feveral other fubftances with 
which it is combined. 

3. The capacity of the blood is augmented, becaufe 
oxygen increafes the capacity of all fubflances with which 
It unites. 

3. The oxygen gas of tlje atmofphere. is in part abr 
forbed by the venous blood, partly changed into carbonic 
acid gas, by the carbon of the blood and that of the 
mucus of the lungs, and partly into water by the hydro- 
gen gas of the blood, and the great quantity of caloric 
become free. 
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The produ^s of refpiration (hould be, 

1. A fluid animal oxyd; 2. carbonic acid gas-j 3 wa^ 
ter 5 4, a fmaH quantity of caloric become free. 

Hence it follows, that refpiration is a procefs exaSily 
analogous to combuftion and the oxydation of metals ; 
during circulation the blood lofes it's oxygen, and be- 
comes loaded with carbonated hydrogenous gas, by means 
of a double affinity; during the diftribution of oxygen 
through the fyftem, the caloric united to this oxygen 
becomes free, and produces animal heat; and the greater 
capacity of arterial blood for caloric is only owing to the 
-oxygen to which it is united in the lungs, 
^ Another opinion refpcfting the procefs of refpiration Dc u 
is that of de la Grange. Confidering that,^if all the^""^*' 
heat diftributed through the animal fyftem arofe in the 
lungs, their temperature would be fo very great as to caufe 
fear left it fliould conftantly deftroy them ; and that, if 
the temperature of the lungs is fo extraordinarily different 
from that of the other parts, it muft have been long ago 
obferved ; he thinks he can conclude with great proba- 
bility, that all the heat of the animal oeconomy is fepa- 
rated not only in the lungs, but in all parts wherever the^ 
blood circulates. For this purpofe, he therefore fup^ 
. pofes, that the blood on palling through the lungs dif^ 
folves the oxygen of the infpired air; that this diflblved 
oxygen is conveyed by the blood into the arteries, and 
thence into the veins ; and that during circulation the 
oxgen quits by degrees it's ftate of folution to com- 
bine partially with the carbon and hydrogen of the 
blood, and form the ,water and carbonic acid which is 
extricated from it as foon as the venous blood goes from 
the heart in order to enter the lungs ; and from this man- 
ner of explanation this chcmift thinks that the fmall 
difference may "be eafily accounted for which is found 
between the temperature of the lungs and that of the other 
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internal animal parts, and how tbeeakxiotnayiamveat 
the fxtreme parts tbe mod diftant from the lung^ ' < 

Hafrenft-ats, The opinion of Haffeufratz refemblea the lafts be 
thinks that caloric is not only difengaged in theJongs, 
but during .the circalation by the union of the hydrogen 
and carbon of the Uood with the oxygen which is inter- 
mixed with it ; and as caloric is extricated durmg this 
union, and this caloric fupports the aiumal heat ; and as 
this. union takes place for the moft part during the cir- 
culation of the blood ^is it pafles from the lungs into 
.the arteries, and thence by the veins into the lungs, it, 
follows, that tbegreateft part of the caloric is ieparated 
during this circuit. This chemiil explains the experi- 
ment of . Dr. Crawford, or gives the caufe why the ar- 
terial blood acquires: a greater fpecific heat than the ve- 
nous ; and tl^is he fays may be done two wiays :— ^1. As 
aU oxydated fubdances have a* greater propoitionabfe heat ' 
' than fimple fubfiances, and as the arterial blood with re- 
fpe£l to the venous may be looked upon as oxydated, the 
firftmuft have a proporttonably greater beat than the laft. 
S. As the oxygen in the arterial blood ftill contains al- 
moft all it's caloric, and this is afterwards extricated in 
circulation by the union of the oxygen with the hydro- 
gen and carbon of the blood — the venous, in which this 
combination is made, contains no more caloric, it having 
been difengaged and difperfed to warm all the parts through 
which the blood has pafTed : hence the venous blood 
ought to have comparatively lefs heat than the arterial. 
Hence the lungs are not the (love of animal heat, but the 
caloric in order to fupport it is extricated during circula- 
, tion* 

©rc„. According to Gren, the oxygen gas does not give up 

it's bafis to the arterial blood : he afferts, that all the 
water we expire is of new formation, and not feparated 
from the blood ', that confequently oxygen it only ab* 
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firtii»Lfpr(lheibtfmatton of water ^md of carbonic acid, 
and' thai Hbl^f e^ remains noDC of it to combine with the 
blooiii ftttther^l that the change of the venous into the 
iQ^iai falovdiki the lungs does not depend upon the ab* 
iivprttoa of Joxygen^ but on the feparation of the carbon 
aflAbydfogeaj. and that the arterial and not the veno^8 
blood'is & ftinmlus to the heart. 

> 'Another theory on this fubjed is given by de))aMe- DehMe* 
tbeheu This: cfacmift does not believe the conolufipns ^^^^^' 
drawn by Lavoifier and Seguin, having found ihat^.:. . 
K l>. In an ordinary infpiration^ n6 more than frona fiiur 
to <fi&incbes of ftir enter the lungs, 
-n-ftv He odmitB d^ree caufes of aniiiial beat* 

i tfw Caloric, which is difengaged from the pure atr'tbat 
tmdsrgofia a ooneibiiiation ia die lungs. 
r K' Mufcular motioaj for in deep the animal heat is 
left than when awake ; and in local inflammationy the 
beat of the part is confiderably raifed* 

' f. Finally, the fermentation of animal fubftances in 
tli^ ftpmach and inteftines, during which fermentauon 
caloric is difetigaged ; for animal; matter during this .pro- 
cefs is known tp be heated even to the point of inflam- 
xnatioii, 

... 3, B^fpiration likewife ferves as a condu&or of thti 
eIe£Uic fluids for, from the experiments of Read, the air \. 
of axv apartment in which a peribn h^ breathed for a 
few hours is always electrified negatively, whilft before it 
was in. a pofi tive (late of ele£tricity« 

The laft theory on rcfpiration is that of Davy. This Davy, 
ingenious philofopher having from experiment laid it 
down as a fa£i: that the caloric of the fydem of Lavoifier 
is not tbe ntatter of heat, or an imaginary fluid, as has 
been fuppofed; but that it may be defined a peculiar 
motion^ or probably a vibration of the corpufcles of 
bodies tending to feparate them ; and hence may with 
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propriety be called repulftve motion i^^xiA having fubftw 
tuted for oxygai gas the term phos-oxygen (from ^i light, 
o|«? acid, and ytn^ruf generator), to exprefs a chenffical 
combinati9n of the fimple fub(lance light with the fim- 
ple fubftaiice oxygen ; having proved that the oxj^g^n? gas 
of the French nomenclators, which they have fuppofed 
to be oxygen combined .with caloric, is a fubftance com** 
• pounded of 4ight and oxygeii; and having explained the 
theory of combuftion; he firft offers fome obje€tionfe 
againft the theory of refpiration of the calorifts. 

ift. Againft it's^ being fuppofed that one portion of -the 
oxygen combines with the iron in the blood, giving'the 
vermilion colour to the arterial' blood, he afleFts thut fron 
never deoompoies phos-oxygen at fo low a temperature as 
98^, the greateft heiat of the lungs; and phoiS'^oxygen is 
nevier decompofed by iron, without rapid combuftion, 
flame, and great heat, ^ 

2d. Oxygen gas is never decompofed by carbon at fo 
low a temperature as 98"^, and is never decompofed with- 
out combuftion, &c. Ji . 

3d. There is never a decompofition of phos-oxygen 
by hydrogen at fo low a temperature \ and it is well 
" known that this procefs does not take place without flame : 
hence the theory is falfe. On the contrary, Davy under- 
takes to prove from experiments, 

ift. That phos-oxygen (light and oxygen) is not de- 
cornpofed in the lungs; 

2d, That phos-oxygen combines with the venous blood 
in the lungs ; 

3d. That carbonic acid and water arc both liberated 
from the lungs during this procefs, either by the incrcafe 
of temperature, or from the fuperior affinity of phos- 
oxygen for the venous blood. 
Fii;i cxpe- j^ phial containing twelve cubic inches and a half was 
filled with very .pure phos-oxygen. The medial vein of a 
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healthy man was opened, and the flrean^ of blood di-< 
refled into the phial. The mouth of -the.phial was im-*- 
mediately brought into conta6); with the arm, fo as en« 
tirely to exclude all external air. The room was then 
darkened. A^ the blood flowed into it, it changed^from 
a dark red to a bright vermilion colour. When the phial 
was half full, it was elofed, and plunged in mercury heated 
to 90^. Having remained half an hour, the blood was 
fovjnd coagulated, and a bright vermilion colour : fom^ 
drops of water were formed on the fides of the phial. 
When the cork was drawn, about two cubic inches of 
mercury rufhed int,o the phial; from which he concluded 
an abforption of gas had taken place. The remaining gas 
was three cubic inches and one tenth of phos-oxygen, 
with nine tenths of a cubic inch of carbonic acid. 

During the experiment no light was liberated : hence 
Davy fuppofes there was no decompofition of phos-oxy- ^ , 
gen. And as a confiderable diminution of phos-oxy gen 
took place, and the blood acquired new properties, he 
concludes that phos-oxygen is capable of combination 
with the venous blood. To prove this by analy fis as well ' 

9s fynthefis, he made the following experiment : 

A twelve- cubic-inch phial, with a pneumatic apparatus second ex- 
affixed to it, was filled with arterial blood from the caro. P"**^®"'- 
tid artery of a calf. The phial was placed in a fand bath . 
of the temperature of 96^, and the heat gradually and 
flowly raiftd. In about ten minutes the temperature of 
the bath was 108®, and the blood began to coagulate. At 
this moment fome globules of gas were perceived paflSng 
through the tube. Gas continued to pafs, in very fmall 
quantities, for about half an hour; when the temperature 
of the fand was about 200''. The blood was coagulated, 
and almoft black. About one cubic inch' and eight tenths 
of gas were collected in the mercurial apparatt^s : of this 
one cubic inch and one tenth were carbonic a,cid, and the 
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pcmaming' feven tenths phos-oxygen. Great ciutipn is 
mcefltiy ]|i this experiment; for, if the temperature is 
not gradually and (lowly increafed, the liberated gafes are 
carbonic add and hydrogen. 

From the above experiment it is evident that the arte* 
rial blood contains pbos-oxygen ; and it was before proved 
fey fyntbefis that it is capable of combining with it di- 
re£Uy : bcince -be concludes that phos-oxygen combines 
with the. venous blood of the fyftem in the pulmonary 
veflels. 

^ As no light was liberated in the iirft experiment, it is 
cirident there cannot be even a partial decompofition of 
phos«Dxygen in refpiration ; and confequently^ the car* 
hontc acid and aqueous gas liberated cannot arife from the 
decompofition of phos-oxygen by the carbon and hydro- 
gen of the venous blood — they muft therefore be libe- 
rated from thevenous blood. To provethis more clearly, 
the following experiment was made : i 

Si^it?^' A ^^^^^ ^^P'^ bladder was filled with blood from the 
medial vein of a healthy woman. This blood never came 
into contad): with any air during the experiment. The 
bladder was inferted in a veflel of water heated td f 12®, 
and the gafeous produ(5ts received by a pneumatic appa- 
ratus. They were carbonic acid and aqueous gas. 

Refpiration is therefore, according to the theoiy of 
Davy, a chemical^ procefs — the combination of phos- 
oxygen with the venous blood in the lungs, and the libe- 
ration bf carbonic acid and aqueous gas from it. From 
the combination and decompofition arifes an increafe of 
repulfive motion, which, combined with that produced 
by the other chemical procefles taking place in the fyf- 
tem, and that generated by the reciprocal aftion of the 
folids and fluids, is the caufe of animal heat. 
I)r. M^n- An attempt has been made by Dr. Menzies, or rather 
tempt f' he informs us be has ventured to examine^ how the 
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afcertainxncut of the quantity of air ufually refptrsd may afcemin 
throw light oa the generation of animal heat, and on the ^^^^ 
quantity of heat generated in a giv«i time 5 and he is of *****2f"^ 
opinion^ that thi$ can be eftimated independently of any given m 
theory on.the nature of hbat itfelf. 

The experiments of Crawford, Lavcnfier^ and de h, 
Place, prove^ when equal quantities ,of air are. vitiated 
by refpiration and combuftion^ that equal degrees of 
heat are evolved. Crawford found, that if. an animal be 
fliut up in a veflel furrounded with water and proteded 
from the accefs of air by very foft wool, one hundred 
meafures of air, each containing an ounce, vitiated ttther 
by this animal's refpiration or by the combuftion of wax , 
or coal, communicated the following quantities of heat 
to 31 lbs. 7 oz. of water. 

Degrees. 

/The combuftion of coal, gave 19.3 

^00 meafures of air J 1 = — . wax, . . . . 2 1 .0 

vitiated by "l The refpiration of a gui- 

V nea pig, . . .^ . • 1 . .. 17.3 

But as each degree of Crawford's thermometer makes 
only one tenth of a degree of Fahrenheit's, it is evident, 
that, if a thoufand fuch meafures were vitiated by the 
combuftion of wajc and the refpiration of a guinea-pig, 
the difference between the quantities of heat given out to 
31 Jbs. 70^^ of water will make 3.7 degrees of Fahren- 
heit's ; the difference between the quantities given out by 
the combuftion of coal and the refpiration of a gilinea- 
pig will be equal to 2 d^rees of Fahrenheit's thermome- 
ter: i.e. the heat communicated to the water by the 
guinea-pig will be two degrees lefs than that communis- 
cated by the combuftion of coal. 

But from th$ feries of experiments of Lavoifier and de 
la Place (Memoire/ur la Chaleur, 1783) it appears, that 
the hea^ communicated by the refpiration of a guinea-pig, 
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when equal quantities of air were vitiated, was greater 
than tliat generated by the combuflion of coal in the pro* 
portion of 13 to 10.3. But as contemporary authors 
have fuppofed the degree of heat faid to be communicated 
by the guinea-pig to be fomewhat exaggerated, and as the 
f-efult of their experiments was almoft the fame. Dr. 
Menzies thinks tHe average number may be taken as a 
fule — the difference probably proceeding from, the diffe- 
rent conftruftion of the inftruments employed : hence it 
is conceived, that when equal quantities of air are viti- 
ated, whether by rcfpiration or the combuflion of coal, 
nearly equal quantities of heat are generated. 

As the quantity of heat generated when a given quan- 
tity of fixed air is produced h^ the combuflion of coal 
has been lately demonflrated by Lavoifier (Elements ot 
Chemiftry, p. 101), and as the quantity of air ufually re- 
fpired has been afcertained : it is evident that the quan- 
tity of heat generated in the lungs, in any given lime, 

byeftifnat- could be alfo found out, if the quantity of fixed air was 

«!5,«^^„ r eflimated in the air that has been once breathed. 

axed air in The following experiments were made with this view : 

ret'pired air. . r - 

FirrtMpe- A quantity of air once refpired was preffed out of an„ 
rimeai. allantoid into-aglafs bottle inverted in water; and, left 
any part of the fixed air (liould have been abforbed by the 
water, feme oil was previoufly poured into the bottle, 
Tlie bottle was then inverted into another veffel filled 
with cauftic alkali. The barometer was in the mean time 
attended to, and the degree of heat marked by a thermo- 
meter. The air iii the bottle was then fhaken, and left 
in contaft with the cauftic alkali till all the fixed air was 
abforbed. Then the bottle was again plunged into the 
water, till the cauftic alkali in the bottle and the water in 
the veffel were at the fame height. The bottle being then 
flopped with a cork, *and placed on it's bottom, it con- 
tained a quantity of cauftic alkali, which, accurately 
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weighed^, gave the quantity of fixed air abforbed^ after 
fome correftions being made on account of the afcent 
and defcent of the mercury in the barometer, and the 
difference of temperature in the bottle. 

Thus the bottle contained 2038. S ciihic inches ; the 

temperature of the air of the bottle was 59^ of Fahrenheit ; - 

the altitude of the mercury in the barometer was 29.07 

inches. The temperature of the air, after two days, was 

57.5^ i the altitude of the mercury in the barometer was 

29.37 inches; the cauftic alkali of the bottle weighed 

5 lbs. 9t '>z«j equal to 1,31.2713 cubic inches. But, on 

account of the afcent of the barometer, it is neccflary to 

fubtraft 2.09 cubic inches, and 6.471 cubic inches, be- 

caufethe air in the bottle was rendered 1.5® (of Fahrenheit) 

colder : for as the volume of elaftia fluids is in the inverfe 

proportion of th^ weight preffing on them, 29.37 : 29.07 

: : 2038.5 : ;<*=:20L7.6: and 2038.5—2017.6=20.9. 

And as atmofpheric air is expanded -— of it's vo- 

lume for every degree of Fahrenheit's thermometer -^^ 

X 1.5^=6.471. 80131.2713 — 20.9—6.471 = 103.9, the 
number of cubic inches of fixed air in 2038.5 inches of 
air once refpired ; a quantity lefs than one nineteenth of 

2038 5 

the whole; for -^^=19.6. But, left any part of the^ 

fixed air fhould be abforbed, oil was ufcd inftead of 
water. 

The bottle was filled with air once refpired and pafled second ex- 
tbrough oil : this bottle contained 179-812 cubic inches. P^""'^"^ 

The thermometer and barometer were as in the laft ex- 
periment. The cauftic alkali, after two days, weighed 
6to oz. and meafured 1 1 .451 cubic inches. But 29.37 : 
29.07:: 179.8I2 : ;r=177.973 J and 179.812— 177.973 



= 1.839; 



, 179.812 , ^o ^ ^m^m 

and TZTT- X 1.5^=0.5707. 

472.5 . 



Thus 1^451 — 1.839 — 0.5707=9.042, the quantity of 



fixed iirin 179«8 cubic inched of air once refpired $ for 

The fame experiment being repeated with the fame 
bottle^ 3 oz. I'dr. only of: cauftic alkali^ meafuriiig 
5^9148 cubic inches, were found in the bott]^. But at 
during this time the mercury in the bottle had £dlen 6m, 
tenths of an inch, 3.81 7 cubic inches muft be added to 
that quantity. And as the air in the bottle was found 
eight tenths of a degree colder towards the end than at 
the beginning of the experiment, 0.3044 parts of an 
inch arc to be fubtrafted from it. 

For 39.2 : 29*82 : : 179.81 2x1 jr= 183.629s and 133.629 

— 179.812=:3.817s and |^X 0.8=: 0.3044. 
So that 5.9148 + 3.817—0.3044=9.427. And ^-^^ 

9.427 

=: 19.07. 

In frequently repeating thefe experiments with the 
large and fmall bottles, whilft the ilate of ^be thermo- 
meter and barometer was carefully attended to, the 
greateft variation was 20.1 : fo that the average number 
will be 19.6. 

Dr. Menzies likewife made fome experiments to dif** 
cover the quantity of fixed air in the room where thefe 
were made ; but the quantity iti 2038.5 cubic inches of 
air refplred was found to be fo fmall as to be fcarcely per-» 
ceptible. If any calculation be attempted, the quantity 
of fixed air may be eftimated at ^-cth or xv^dtbs of air 
once refplred. 

Thus, if the quantity of air commonly infpired beeili* 
mated at 40 cubic inches, and the number of refpirations 
at 18 in a minute, 720 cubic inches will be infpired in 
~ the fpace of a minute; of which quantity only xJ^dth*, 
or 194.4 cubic inches confift of vital air, the only confti- 
tuent of atmofpheric air changed by refpiration. 
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But tIs parts only .of atmofpberic air are changed iu 
each rcfpiration : hence 36 cubic inches of fjxed air 
are generated in the fpace of a minute in the lungs of a 
middle-fized man, or il840 cubic inches in the fpice of 
a day — a quantity, of air weighing 22865.5 grs* or 
3.9097 lbs. troy weight. And as Lavoifier has calculated^ 
that for every pound of fixed air generated by the com- 
buftioil of coal a quantity of heat is evolved which would 
melt 27.02024 lbs. of ice; and as iht fame quantity of 
heat is generated in air vitiated either l^y refpiratiom or 
by the combuftion of coal ; it foMows that the quantity 
of air vitiated daily in the lungs of an ordinary man wi'l 
give out nearly as much heat as would melt 107.2*lbs/ of 
ice: for 27.02024x3,9697 = 107. 2622. But as a por- 
tion of this heat is carried off in the air expired, under the 
form of fenfible heat | and as a portion is employed in the 
formation of vapour, or is rendered latent; thefe quanti- 
ties can be calculated in the following manner : — \ 

As a cubic inch of atmofpheric air weighs 0.32119 

parts of a grain, 40 cubic inches, wiil weigh 12.8448 

grams. But -i-l^ parts of this quantity being converted 

into fixed air, if the whole remains free from moifture it 

will gain 0.19794 : fo that it will weigh 13.01274 grains. 

Hence the air expired during the fpace of a minute will 

weigh 234.7693 grains; or that expired during a whole 

day will weigh 333067.82 grains, Qr58.692 pounds. But 

if air of this kind be fuppofed to have the fame capacity 

for receivino* heat as water, it follows that the fame de- 

gree of heat that would raife 58.69 lbs, of water fome . 

degreeSj .would kHb raife the air to the fame degree. But 

the quantity of. heat requifite to raife 58.69 lbs. of water 

to the 66th degree of Fahrenheit, is >equal to that which 

would melt. >a7v.6692 lbs. of ice; for fince 140 degrees of 

heat become. latent in the formation of each pound of 
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water * — r=27.6692. Cpnfequently the famede* 

gree of heat will be daily evolved in the liings under the 
form of fenfible heat. 

The difcovery of latent heat (hows that a great quan- 
tity of heat is abforbed during the formation of vapour, 
* * without an increafe of temperature ; and, according to the 
experiments of Watt, the heat thus abforbed, ot rendered 
Jatent, would raife the temperature of a body of the fame 
fpecific gravity and capacity for heat as water*, although 
it could not be converted into vapour, 96O degrees more 
than before. 

' Dr. Menzies weighed accurately a large allantoid, and 
then filled it with expired air. When it was quite cooled, 
and carefully weighed again, it was found to have gained 
two grains by every refpiration \ which coincides with 
an experiment made by Hales, who found that fome 
moiftened diaphragms, through which he had breathed) 
gained fix grains in three minutes. Thus, if two grains 
of aqueous vapour be fubtraSed every minute, with- 
out attending to what may be fubtrafted for the dif- 
ference between the weight of fixed and vital air, 6 oz. or 
0.'5 of a pound will be fubtrafted daily. But if the tem- 
perature of a body incapable of being evaporated, of the 
fame capacity for heat as water, weighing 0.5, be in- 
' creafed 96O degrees, this heat will diflblve 3.42854 lbs. of 

ice: for — ;^--^= 3.4285. But as Crawford computes 

j40 ' 

the relative heat of aqueous vapours at 1.55, a quantity of 
heat will be fubtrafted which would diflblve 1 lb. and 
0.8656 hundredth parts of ice more than if it's capacity 
for heat had been the fame with that of water; or, in i 
other words, all the heat daily confumed in the lungs, ia ^ : 
forming aqueous vapour, would diflblve 5.3*14 i lbs. of ice. 
So that all the heat daily 'evolved .in the lungs under the 
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form offenfible heat and vapour^ would diflblve 32.9833lbs. 
of ice. For 27.6692 + 5.3141=32.9833. 

But as it was before detnonftrated^ th^t in one day a 
quantity of heat was evolved by the change induced in the 
air in the lungs, which would diflblve 107.2622lb3. of ice. 
Subtraft thence 32.9833 



There will remain '. 74.2789 

which would be the quantity capable of being diflblved by 
the heat daily evolved in the lungs of an ordinary man. 
But it is neceflary the blood (hould abforb the heat, be- 
caufe it is expofed to it's'aftion in the lungs for the fpace 
of fome hundreds of fquare feet, and becauTe this fluid is 
admirably calculated to diffufe heat through all the body. 
The degree to which the blood is heated in it's pafTage The degree 
through the lungs, may, according to Dr. Menzies, be [bTbiSo^ io 
eftimated in the following manner: — If the quantity of f^^J""^^' 
blood which pafles through the lungs in the fpace of a eftimaied. 
minute maybe eftimated at 8 lb. ; if the heart be fuppofed 
to propel an ounce and a half in each fyftole; and if the 
blood be fuppofed to have an equal capacity for heat with 
water; it is evident that thequantityofheat that would make ' 
8 lbs. of water rife to any given poi tit, would alfo make 
8 lbs. of blood rife to the fame point. But as the quantity 
of heat abfqrb^d during a day by the blood has been 
fhown to be fufficient to diffolve 74:27 lbs. of ice, ^he , 
quantity abforbed each minute could only diflblve 0.05 158 
of a lb. of ice. Befides, fince 140° of heat are requifite 
to liquefy 1 lb. of ice, or become latent, 1 : 140::0.05\58: 
«=7.22% or the quantity of heat requifite for diflblving 
0.05158 of a pound of ice would increafe the tempera- 
ture of a pound of water by 7.22^, or 8 lbs. by 0.90265 of 
a degree of the thermometer of Fahrenheit. Thus the > 
heat generated each minute in the lungs of an ordinary 
Qian would raife the temperature of the blood palling 
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through them in that fpace of time, by O.90265 bf a de- 
gree, if blood had an equal capacity for heat with water. 
But as Crawford concludes that the comparative heat of 
venous blood bears the fame proportion to that of water as 
0.8928 to 1, it is evident that the fame degree of heat 
which would raife venous blood one degree would raifethe 
fame quantity of water only 0.8928 of a degree ; or that 
their temperatures are in the inverfe proportion of Iheir 
N capacities for heit. 

Thus the quantity of heat would ralfe the Tame 
quanthy of venous blood 1.01 103°; for 0.8928 : 1.0000:: 

0.90263:^1^— = 1.01103. And as he found .that the 

capacity of venous blood for heat is increafed by it'^ be- 
coming arterial, in the proportion of 0.8928 to 1.03; if 
venous blood is raifed 1.01 103° by the heat evolved in the 
lungs, it follows that arterial blood wiir be raifed only 
0.8763; for 1.03 : 0.8928:: 1.01103 :;f = 0.8763. 

Thus 0.13468 parts of a degree of Fahrenheit's ther- 
mometer equal the quantity of heat which becomes la- 
lent, although the capacity of the blood for heat is in- 
creafed in the fame proportion; for 1.01 103 — ^.87635=: 
0.13468. 

Therefore the blood in it's pafTage through the lupgs, 
according to the calculation of Dr. Menzies, gains 
1.01103, or more than one degree of Fahrenheit, and 
it's temperature is increafed 0.8763 of a degree. Whence 
it follows, that the blood in the left fide of the heart is 
warmer than that in the right by eight tenths of a de- 
gree. This feems to be confirmed by an experiment of 
Hunter's on a live dog; for, having introduced the ball 
ofa thermometer two inches within thereSum, thequick- 
filverrofeto 100® and a halfexaftl)^ The chefl: of the 
dog was then opened, and a wound made in the left ven- 
tricle of the heart ; and immediately on the ball being in- 
troduced the quickfilver rofe to 101° exaftly. A wound 
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was next made lome'way into the fiibftance of the liver, 
and the quickfilver rofe to 100^ and three quarters. It was 
next put into the cavity of the ftomach, where it flood at 
101°. All thefe experiments were made in a fewminytes. 
Hence, according to Dr. Menzies, the quantity of ani- 
mal heat generated in the lungs may be determined by a 
method founded on the two following propofitions. 

1 . That nearly equal quantities of heat are evolved 
when equal quantities of vital air are vitiated, whether by 
the combuftion of coal, or by the refpiration of animals. 

2. That the quantity of fixed air generated in the lungs 
in any given time, can be eafily determined by knowing 
the quantity of fixed air in air once refpired. 

This method, therefore, has no connexion with any 
theory of animal heati or with the different capacities of 
fixed and vital air for heat. 

Different authors have given the heat of the human Heat (f jhe 
body. According to Boerhaave it's natural heat is 92^ body!*/ 
oratmoft94"; and Pitcairn makes the heat of the (kin « 

to be the fame. It is however evident, that the different 
parts of the body not only differ from each other, but that 
they differ from themfelves according to the feafons and 
other circumftances : hence the difference of the refults 
amongft phyficians who have attempted to afcertain the ^ 
animal heat. 

Aniontons found it to be 91, 92, or 93** 

Sir Ifaac Newton 954 

Fahrenheit and Mufchenbroek found the blood to be 96 

Dr. Martine found the (kin to be .97 or 98 

the urine , . 99 

Dr. Hales foimd the (kin » 97 

the urine 103 

John Huntei* under his tongue 97 

in his re£lum 98^ 

•— iniiis urekira, at one inch 9^2 
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John Hunter in his urethra, at two inches 93® 

— ; at four inches 94 

— — — •• at the bulb of the urethra 97 • 

Such are the phenomena refpiration produces in th« 
Riore perfeft animals with warm blood ; and fuch have, 
been the various opinions with refpeS to the utility of this 
procefs, and the part it a£ts in the animal ceconomy. 
The next part will give an account of the refpiration of 
fifties and infers. 
Experi- Refpiration of Fijhes. — Dr. Prieftley having found, ac- 

Rieiuey. cording to the phlogiftic fyftem, that the principal ufe of 
the lungs and of the blood in man, quadrupeds, and anio 
mals with lungs, is to difcharge phlogifton from the ani* 
mal fyftem, in a ftate proper to diminifli refpirable ^r, 
and to render it unfit for refpiration, wasdefirous of trying 
whether fifties, which do not breathe like other animals, 
part with phlogifton to the water in which they live.With 
" this view he put two (a large perch and an eel) into a pail 
of water; and when they had been in it about twenty- 
four hours he nearly filled a large phial with the watef, 
and in it he agitated a fmall quantity of common air be- 
tween fix and feven minutes, and found that it was confi- 
derably injured by the operation ; for two irieafures of 
this and one of nitrous air occupied at firft the fpace of 
two meafures and one fixth, and by ftanding feveral davs 
were never lefs than two meafures. But when he agitated 
an equal quantity of air in the fame quantity^of the fame 
water in which no fifties had been confined, and for the 
fame fpace of time, it >yas not injured in the flighteft de- 
gree. It is evident, therefore, according to Prieftley, that 
»' phlogifton is difcharged from fifties as well as from other 
animal*; that this phlogifton affefts the wgiter, and this 
water the air that is agitated in it; and in the fame man- 
ner as the fifties themfelves would have affefted it, if it had 
been pofljble for them to breathe'it. Other experiments 
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cortfirmed and extended thefe conclufions. leaving filled 
a phial with fome water from the hot well at Briftol, 
which he found to contain air in a great flate of purity, he 
put a few minnows and other fmall fiflies into it, about two 
inches in length, and confined them without any accefs of 
common air until they died. He then took equal quantities ' 

of the foul and of frefti water, and expelled from both all 
the air they would yield. That from the water in which 
no fiflies had been put, or the frefli, exceeded the foul in 
the proportion of three to two ; and by the ted of nitrous 
air, the former exceeded the latter in a ftill greater pro- 
portion. The frefli was about the ftandard of common 
air, and the foul fomewhat worfe than air in which a 

I 

QSLTidh jufl: goes out : it might have been worfe, but the 
water remained in an open veflel all night before the ex- 
periment. Hence, air contained in water in an unelaftic 
fl:ate is as neceflary to the life of fiflies, as air in an elaftic 
ftate is to that of land animals.. 

He then had no doubt but that putting fiflies into water 

impregnated with air thoroughly phlogifticated would be 

equally injurious to them, as this air in an elaftic ftate is to 

land animals; and this was Verified. He began with rain 

water which contained no air, having been recently boiled. 

He put nine fmall fiflies into a veflel containing about three 

pints of it, and they lived between three andYour hours, no 

air having been admitted. Two fiflies were put into a pint 

of it impregnated with phlogifton from air that had been 

phlogifticated fix months before by means of iron filings 

and fulphur, and they lived in it nearly an hour. It was 

very imperfeftly impregnated. Inflammable air had a 

fimilai;^ effeft. John Hunter having informed him that 

fifties would not live in water impregnated with fixed air, 

he tried it, and found that fmall fiflies would not live in 

it more that a few minutes. It is well known that all fpa 

waters containing fixed air are fatal to fifties, frogs, and . 
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infers. He found that inVater impregnated with nitrous 
air they were affefted in .the fame manner, but more vio- 
lently 5 but as ^a decompofition of fome fmall part of the 
nitrous air might take place before he could poffibly (lip 
the funnel into the neck of the phial, he introduced the 
' fiflies into the veflTel in which he had impregnated the water 

while it remained inverted inthebafin, the remainder of 
the nitrou^ air not imbibed by the water ftill refting upon 
it. The phial contained fomething more that a pi:nt, 
and the nitrous air occupied about one fourth of it. Into 
thisveflerhe introduced two fmall fifties, and they, con- 
tinued very quiet, without being feized with any convul- 
fions (as happened before), ten minutSs, or a quarter of 
» an.hour, before they died. Hence, the caufe of the con- 
vulfions, in thd former experiment, arofe not from the 
nitrous alr^ properly fpeaking, but nitrous acid, which 
afted like the fixed air, another kind of acid. Whereas 
now the fiflies were no otherwife affefted than in water 
with phlogifl:ieated or inflammabfe air, except that the 
water had imbibed more of the nitrous air, and henfie was 
fooner fatal to them. 
Brouflbnct. From the conformallon of the organs of refpiration, or 
the gills, in thefe animals, Brouffonet has formed them 
into two divifions: "y/z. the' cartilaginous, fuch as the' 
fea-dog, the fliark;iind the fpinous, as thefea-v/olf, &c. 
In the firfl: divifion, tlie gills arc fuftained by a cartilagi- 
nous arch, and are more confidcrable in number. than in 
the fecond; in the lafl:, they arc fupported by feveral 
fmall curved bones, the number being feldom lefs .than 
four, and never exceeding it. ' 

The ftrufture of the gills is fo formed, that the fan- 
guineous veirds, which are dvftributed over them, make, 
as in the lungs of quadrupeds, a very long paflage in a 
fhortfpace ; but they diflcr very much in different kinds 
of fiflies. The way ojf life to which nature has deftined 
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thefe animals is the principal caufe of thefe varieties, 
which rarely take place in the refpiratory organs of dif- 
ferent quadrupeds and birds. Thus fiflies which live in 
ftill water, and -in places where the water is rarely re-"^ 
nev\ cd, fuch as eels, have their giils fuftained by fliort 
oiTeous arches; the cavity of their gills is very large, and 
Hhey are cfble to preferve the water in thefe organs a much 
longer time than other fifties. They may in fome mea- 
fure he compared to the reptiles and oviparous quadru- 
peds, which have cellular lungs furniftied with fibres, and 
in fuch a manner as to be able to keep a certain quantity 
of air in referve in cafe'of need. On the contrary, in 
thofe fpecies of fi(hes that frequent^ the high feas, and are 
deftiiicd to make long emigrations, and fwim very rapidly, 
the grills are placed upon very great bones; feveral are 
provided with a peculiar organ, defi;ined like the gills for 
refpiration. 

In animals that refpire air there is only one aperture by 
which this element is received and rejecled : this is not the 
cafe in fiflies which receive water into their refpiratory or- 
gans by different ways : thus, in the lamprey there is only 
one opening at the fummit of the head, by which the water 
is conduced to the gills ; in the ray there is one on each 
fide of the head ; whiUt the greater number of fiflies receive 
water by their mouth, and it departs by the gills. In the 
cartilaginous fifhes, whofe organs of refpiration, as has 
been obferved, are more extenfive than thofe of gther fiflies, 
the greatefl: part rcje6t the water by feveral openings; as 
in the lampreys, which have feven holes ; the fea-dog has 
five, and the fturgeon has only one, forming feveral divi- 
fions. The other fpecies of fiflies have only one opening, 
but it^s form varies according to the animal ceconomy of 
each kind. Thus, thofe defl:ined to live in fli allow 
waters and never at a diilatice from the banks, and fome- 
times buried in the fand, have this oj ening very fmall. 
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ferxning a fpecics of canal furrounded by thick mem- 
branes. Thofe. which are obliged to make rapid mo- 
tions have their gills^ on the contrary, the moft exten- 
fively fofmed ; their mouth and the opening of the gills 
are very large ; they receive a great quantity of water, 
and renew it much oftener than the others ; they die ai- 
med as foon as they are out of the water : whilft carp, 
eels, &c. which have fmall openings/ live a long time in 
tiie open air. On comparing the refpiration of fifties with 
that of animals that breathe in the open air, it appears, 
that the firft more frequently infpirethan the laft; be- 
<;auie the oxvffen to be extracted from the water is much 
lefe abundant than in the atmofphcre, and it is more diffi- 
cultly feparated from the water. Fifties, however, appear to 
have the advantage of a refervoir, which ferves occafion- 
aliy lo fupply the deficiency of oxygen by the refpiratory 
Airbbd. organs. This is called the air-bladder of fifties. Accord-. 
ing to the experiments on the air which this bladder con- 
tains, by Brodbelt of Jamaica, particularly thatof thefword <. 
fifti, it is pure oxygen gas : he thinks it ferves the purpofes 
of life when the animal is unable to come to the furface. 
Accum fays the air-bladder of a carp contains common 
air. Monro had fuppofed it to contain fixed air. Four- 
CToy fays it is azot gas united fometimes with a little car- 
bonic acid gas 3 that it is produced in the ftomach, and 
thence paftes into this airy receptacle. Filhes are not 
able to fupport in water a degree of heat equal to that 
which man and quadrupeds fupport in the atmofphcre, 
and the difference is very confiderable. On making the 
comparifon, phyficians have obferved, that air may be 
breathed by the human fpecies at 264^ with impunity. 
Tillet made animals breathe an air heated to 300''. A girl, 
likewife, under Maran tin, breathed an air of 3^5** for five 
minute-^. Notwitb (landing fuch degrees of heat would ' 
be infupportable to fifties, and would even be fufficient to 
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leftroy their organization, feveral obfervations have been 
made on fiihes found alive in very warm waters, and even 
by the ancients. Thus ^lian fpeats of a lake in Libya, 
the water of which is very warm, and fifhes are found in 
it which die if tranfported to a colder water. Similar ob- 
fervations aVc to be found in St. Auguftin and Cardanus« 
Shaw, in his voyage to Barbary, fpeaks of feveral hot 
waters in which he had found feveral fpecies of perch;, 
and des Fontaines lately made the fame obfervation in the 
neighbourhood of Cafza, where the thermometer of R. 
rofe to 30^. Lucas, in his Hiftory of Mineral Waters^ 
gives fonae obfervations on living carp found in a thermal 
water, the heat of which was equal to that of the human 
blood. Valilnieri and Conringius have likewifcfeen liv- 
ing fiflies in thermal waters. " Anderfon witnefled a fimi- 
lar fa6l ia Iceland. But the moft furprifing faS: is that 
of Sonncret, who found fome fifties in a water at the 
Manillas at the degree of 69 of Reaumur. From the ex- 
periments of Brouffonet, fiflies did not live at fo. high a 
temperature. Mufchenbroek had already found that 
fifties periflied at 1 1 1® of Fahrenheit ; he even fa\V a very 
vigorous perch die in three minutes in a'water heated to 
96^. He adds, that thefe animals lived very well at 72^ 
It is very difficult to determine, in a pofitive manner, the 
different degrees of heat each fpecies is able to bear ; they 
differ not only according to the feafon, but likewife ac-*. 
cording to the forms of the organs of refpiration. 

On the 20lh of June, 17B4, Brouffonet put a couple of 

ten-fpined ftickle-backs (epinoches) into fome water at 

a temperature of 14°. This was gradually heated, and at 

the end of two hours and a half the thermometer mounted 

to 28° : the fifties thenjbecame agitated, but on being caft 

into frefli water they became well again in a few minutes. 

On the ioth of November, 17 84, he put a carp, fome 

bleaks^ gudgeons, and perch^ into fome water of the Seine 
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at 5^, and theNbotlom of the vefltl was covered |Vith fand. 
At 25 minutes pad twelve o'clock the thermonieter was 
at 6i^ ; at 30 minutes at 8% &c. This experiment lafted 
till 45 minutes paft four ; and he marked the degrees of 
heat every five minntes, pouring feme fre(h water into 
the veflel at different time§ in fmall quantities. At 12°, 
the fmalleft fiflies began to rife to the furface of the water, 
became agitated and ill; yet the Seine w^ater is much 
warmer in the fummer. At 21° the fmall bleaks were 
nearly dead. At 22^ the perch were motionlefs, and 
reverfed. The gudgeons, whicK were of a larger fize, 
did vtot appear to fuffer till 23° ; whilft the carp was 
not at all agitated, it's refpiration being only more fre- 
quent. At 28°, at which point the water was kept 15 
minutes, the carp began to lofe it's equilibrium, and be- 
came ill ; it afterwards appeared dead, and only came to 
itfelf again after being left a long time in frefh water. 
Brouffonet employed four hours and a half in bringing 
the heat of the water to 28®. He is of opinion that, 
» with certain precautions, fifli would live in a water heated 
beyond 28% * . 

^^ On fuppofing,^' fays Brouflbnet, ^^ ajs I h^ve reafon 
^^ to believe from my experiments, that fifhes cannot fup- 
'^ port water heated beyond 30°; on recollefting, at the 
" fame time, that it is impoffible for them to live in a wa- 
^^ tcr the temperature of which is a few degrees below zero, 
^^ it would follow that'thefe aninials could only live in a 
'^ fcale of 30 degrees at mod; a fcale which, when com- 
pared with that fiipported* by warm-blooded animals, 
will appear very (hort : it will, however, afways be in 
'^ a ratio to the vital heat, which in fiflics is even below 
^^ that of reptiles and oviparous quadrupeds. Martine has 
*^ obferved of feveral falt-water fifties, thai the heat of 
*^ their blood did not exceed the water in which they 
^' were, more than; one degree* The fame experiment re- 
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^^ repeated upon a trout, and other river-fifh, afforded him 
^^ the fame refult, Mr. John Hunter faw the thermome- 
*^ ter in the (lomach of a carp rife from 651°^ which was 
*'.the temperature of the water, to 69% i. e. three degrees 
^' and a half higher : but it is neceflary to obferve that 
f^ the fifli was then out of the water; which muft have a 
^^ great influence on the refult of the experiment." 

Brouffonct plunged a thermometer into the bodies of 
feveral fmall fifhes of the Seine, which never rofe higher 
than three fourths of a degree beyond the temperature of 
the water; fometimes it only increafed half a'degree, par- 
ticularly in thofe that were ill. A pretty large eel . although 
weak, only caufcd the "thermometer to rife three fourths 
of a degree. Carp conftantly gave one degree more, 
fome a degree and a half; fo that it appears the animal 
heat of fifhes is very inconfiderable. 

According to the fame author, fifhes are fabjeft to a 
great lofs of animal heat by the water continually extraft- 
ing it ; fo that the portion of this fluid immediately fur- 
rounding them is warmer than elfewhere. It has been 
obfecved, that a carp plunged into a mixture that foon 
became congealed, preferved around it a certain quantity 
of fluid water, although the reft was totally congealed. 

The animal heat of fiflies, no doubt, arifes from 
their refpiration ; for the phenomena by which Lavoifier 
and de la Place have explained it's production in animaFs 
living in the atmo{phc!*e, are obferved alfo in fiflies,' but in 
a lefs evident degree : the difference of heat between ani- 
mals breathing air, and thofe which refpire water, is 
more particularly remarkable on comparing fiflies with 
the cetaceous order. Both inhabit the fame element; yet 
thofe with gills, that refpire water, have only one degree 
or one and a half more than the water itfelf, whilft the 
cetaceous order that refpire air have tlfeir blood as ,warm 
as man, Brouffonet found the body of a porpoife 
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refpiratory organs of thefc animals that their death is bc- 
cafioned. 

BciL We are informed by Bell (in contradiftion to what' 

Brouflbnet has faid), that if there be no air in' the water 
• in which fifties are, or not in fufficient quantity for them i 
to breathe, they die; that diftilled water is to thefe ani- ; 
mals what the \^ciium of an air-pump is to an animal 
that refpires air in the atmofphere ; that if you exhauft - ' 
water of it's air by a pump, or boil or diflil it, or by any* 
other means deprive it of it's air, fifties are no longer able 
to breathe in it; that they rife to the furface and gafp for* 
air; and that on extrafting; the air from water in which*' 
fifties have refpired, it is found to be contaminated exafilly 
in the fame manner as air refpired by warm-blooded ani-*' 
inals; and that it differs very little from that in which a' 
candle has fpontaneoufly become extinguiftied ; which, 
according to this author, are fufficient fafts to prove that "^ 
the gills of thefe animals perform the fame funftions of a 
real refpiration as the lungs of a man and quadrupeds,' ' 
which extraft the oxygen from the atmofphere, ' "^ 

For more fatisfaftory information refpefting the refpi- "^ 

Davy. ration of fifties, we are indebted to Davy ; for, as it IkIs '* 
been fuppofed that fifties decompofc both water and oxy- 
gen gas, he made the following experiments to afcertaih 
the truth, 

1 ft: Experiment. He expelled, by long boiling, the' 
atiilofpheric air from 64 cubic inches of fea-water: he * 
then excluded it from the air by means of mercury. ' 
Having then introduced a fmall mullet, it was inftantly 
cohvulfed, and died in a few minutes. 

2d Experiment. A quantity of water was freed, by 
boiling, of it's atmofpheric air : two receivers, each of 
the capacity of 36 cubic. inches, were filled with this 
water : into one of thefe two cubic inches of nitrogen 
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trere introduced^ into the other two of phos-oxygen. By. 
long* and conftant location the gafes weredHTolved by 
the water^ which was excluded firom the conta6l of air 
by mercury^ Into each of the receivers two mixinows 
were introduced. Thofe in the water holding nitrogen 
in folution died in about four minutes, thofe in the water 
holding phos-oxygen, in folution appeafed totally unin* 
jured, and when examined, after fome hours, were ftill 
•live and healthy. 

3d Experiment. The fame receivers ufed in'thelaft 
experiment were filled^ with dUlilled water freed from at- 
flsofpheric air by a fecond boiling. Into each of thefe^ 
riiree cubic inches of phos-oxygen were introduced. The 
jeiceivers were then agitated fcr fome time, till the water 
hi each of them had dilfolved an equal quantity of gas; 
diey were then inverted in a trough of mercury, fo as to 
exclude atitiofpheric air from them. Four minnows were 
Aen conveyed into one of them through mercury. The 
feceivers were now fuffered to remain untouched for jSx 
hours, when they were examined. The minnows weri 
idive, and no gas remained in the top of the receiver m 
which they had refpired. The gas in the top of the other 
receiver remained nearly the fame as at the commencement 
of the experiment. A quantity of lime-water was poured 
iato each of thefe receivers 5 in that in which the fifhifes 
had exifted there was a very perceptible cloudinefs, occa« 
fioned, as Davy fuppofed, by the formation of carbonat 
of lime ; m the other there was no perceptible change. 

From thefe experiments Davy concludes, that the 
lecious blood in the gills of fi(hes is phos-oxydated by tbi 
^os^oxygen held in folution by water ; and that carbonic 
»cid, and probably water, are given out as excrementitioul 
1>y the venous blood in their gills. With refpe£t to the 
dlccompofition of water by fifhes ia refpuration, as therv i| 
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^ no •evidence of hydrogen being formed, there can be no 

reafon for the fuppofition. 

Refplrathn sf Ltf.Sis. — From the much greater length 
of time infcfts are capable of 'exifting than other animals 
in carbonic acid gtis, and, according to Dr. Prieftley, in 
air infeftcd by putrid effluvia, it had been* fuppofed by 
fame phyfioiogiils that this clafs of animals either had the 
power of living a certain time without breathing, or that 
thev had not the fame occafion fof it as others Vvhofe re-, 
fpiration is well underftpod. It had not been confidered, 
ihat as infects, from their habits of life, are accuftomed 
to live in places where the air is in a flate of great impu- 
rity, they would not be fo liable to experience it's ba<l 
effcfts, as thofe who conftantly breathe ^a purer ^tmo- 
fphcre: nor. was it well underflood by what means thi» * 
funflion wa& carried on; in this mod numerous part of the: 
animal kingdom. 
jcheele and It wa«> indeed] a faft acknowledged by Scheele and 
<'rgmaii. ^^^py^2^' ^\^2X\ni(t&.^y the t fame as other animals, con-' 
yerted vital air- intb mcphitic gas by the adt of refpiration ; 
but no experiments of any confequcnce hdA taken place 
on this fubjcA before ihofc of Vauquelin, at leaft they 
were by no means fo fatisfaAory. It is now well known 
that the funftion of refpiralion is not performed by the 
mouth of .infe<Sts, by which they differ ver}'^ much from 
, warm-blooded animals, and that they have not like them 
a pulmoniiry organ into which the blood pafies to receive 
the influence of the air from the atmofphere. 

It is now well undcrftood, thatinrcAstake i|i this ele- 
itient by means of certain openings or holes, to which 
entomologifts have giv?n the panic of lligmata, from their 
refcmblance to fo many fpols on the furface of their body. 
Thcfe ffigmata are of various forms \ fometlmes -they are 
round, fometimes oval, but insjeneral thev are lenethencd 
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Jike a button-hole. With rcfpe^l to the number, it varies 
according to the nature and fize of the animal. 

The exptiriment^ of Vauquelin were ]|iade>on the grafs- VauqucUn^ 
hopper (gryllus viridiflimus), the red Aug (limax flavus), 
-and the fn ail (helix pomalia of Linn se us). The^r^- 
hoppir has 24'ftie:mata difpofed in four rdvvsj parallef and 
exterior to the two white lines placed longitudinally on the 
middle of it's belly, and the motions of infpiration and 
expiration are well marked. Vauquelin found that this 
animal died immediately an being put into fulphureous 
hydrogenous gas. In fix cubic inches of pure airit exifted ^ 
18 hours, and in eight of common air 36 hours: he 
found that oxygen gas was indifpenfably neceflary to the 
life of this infeft ; that as foon as there no longer remains 
any or very little of this gas in the atmofpheric air, it 
immediately dies. Tire atmofpheric air in whiph feveral 
had died was found to contain fcarcely any remnant of 
oxygen gas : but whatever number were fuffered to 
breathe until their complete afphixy, it was not obferved 
that they had ehtirely converted the vital air into carbonic 
acid ; they appeared conftantly to die before this conver- 
fion was complete. He attributes this to the fcnfibility of 
the animal for the carbonic acid gas, which deftroys it 
when in large'proportion as well as azot gas. 

The refpiratory organs of the r^d jlug have not as yet 
been difcovered by anatomifts; but Vauquelin looks upon 
them to be the lateral openings of this aninial, which are 
feen to dilate and contrafl:. This flug, on being put into 
12 cubic inches of atmofpherical air, died in 48 hours; 
and not th^ Jeaft appearance of oxygen gas was f(*und 
afterwards, the remaining air precipitating lioie water ; 
which proves that it was entirely converted into fixed air. 
This chemifi: was much aftonifhed to find how completely 
this animal had analyfed the atmofpherical air, having 
never difcovered the leaft trace of vital air in the refiduum 
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of that rcfpircd, when examined by means of phofphoras. 
^^ ' Heuce^'' fays he^ ^f it appears that worms have in their 
^^^ 4refpiratory organs a great power of . feparatiog Uie 
<^ oxygen gas from the particles of azot gas with which 
^' it i9 on all fides furrounded^ and that they h&ve no oc* 
. ** cafion for a large quantity of oxygen at onetime 5 thai 
*' they are able to remain for fome time without refpi* 
" ring in the ordinary way ; and, thirdly, that they am 
«* not very fenfible to the infiuence of carbonic acid gai 
*' formed in the refpired atmofpherical ^r, and of the aiot 
*' gas left naked." A Aug confumed in 48 hours 3*36 
irtches of oxygen gas, when it immediately rolled itWf 
up, emitting from all parts a milky liquor, and died. 

In fulphureous hydrogenous gas a dug ihowed no fignf 
of life in about half an hour ; which proves that wormt 
cannot e^ift in an elaftic fluid containing no oxygen gas, 
although of all animals they appear front their mannen 
of life to have the leaft occafion for it. 

With refpe6l to the laft animal, the /nail, it lived four 
days in 13 cubic inches of atmofpherical air. The oxy^ 
gen of this air was* found to be entirely abforbed, or 
deprived of it's natural principle j for the aaot gas re^ 
maining did not contain an atom of it, the refiduum like- 
wife contained carbonic acid. That the death of this 
animal was owing to the want of oxygen, and not to the 
want of food, he proved by finding that others of the 
fame fpecies were able to live feveral months without any 
food. 

Trom thefe experiments it appears, 

I ft. That infers and worms refpire oxygen gas like 
warm blooded animals, and that like them they convert it 
into water and carbonic acid. 

2d. That this principle is abfolutely neceflary in tbeit 
refpiration, and that they die when deprived of it. 
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Sd. That every other elaftic fluid, except oxygen gas, 
is unfit* for their refpiration. • < 

4th. That worms^ and particularly the red Aug and the 
cfculent ffiail, appear to have very extraordinary refpira- 
tory powers, and very little fenfibility for the prefence 
of carbonic acidy fince they feparate all the vital air i^m 
the a26t gas, and from the carbonic acid which is formed ;- 
and that they only perifh when there no longer remains 
any oxygen gas. 

Mh. That this property, Vauquelin thinks, may render 
thefe laft animals very ufeful as an eudiometer, by of- 
fering a proper means of exaftly feparating the oxygen 
gas from the azot gas, and confequently of affording a 
perfeft knowledge of the proportions of the principles' 
of the atmofpherical air, or of a vital air, the degree of 
jmxity of which may be^required. 

Davy has difcovered, by experiments fimilar to thofe v^v^ 
made upon fiflie^, that the ssoophytes have their refpira- 
tion governed by fimilar laws; that they, like fiihes, ab- 
iorb the phos-oxygen held in folution by water, as well 
Mf portions of nitrogen i and thus, in their chemical at- 
tradions as well as in their organic powers, they feem to 
fcrtrt the connefting link$ between animals and v^etables. 

There now remains to give an account of the experi- 
ments and conclufions of this laft author on the nitrous 
(^yd> and foihe other gafes, which he made upon him- 
felf and various animals, forming a curious mafs of in- 
formation. 

This ingenious experimentalift begins by explaining 
the word nfp'rrabUi which term he employs to denote 
tfrofe gafes capable of being taken into tlie lungs by vo- 
lontary efforts. On the contrar)-, nonrefpirabU gafes, 
when applied to the-extemal organs' of refpiration, ftimu- 
late the mufcles of the epiglottis in fuch a way, as to keep 
it perfeSly clofe on' the glottis, which prevents the fmalleft 
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particle of gas from entering into the bronchia, in fpltc 
of voluntary exertions. One only has the power of uni- 
formly fuppoVting life— atmofpheric air. Other gafcs, 
when refpired, fooner or later produce death, but in 
different modes. Some, as nitrogen and hydrogen, effcft 
no pofitivc change in the venous blood. Animals im- 
merfed in thefe gafes die of a difeafe produced by privation 
of atmofpheric air, analogous to that occafioned by their 
fubmerfion in water or nonrcfpirable gafcs. Others, as 
the different varieties of hydrocarbonat, deftroy life by 
producing fome pofitive change in the blood, which pro- 
bably immediately renders it incapable of fupplying the 
nervous and mufcular fibres with principles effential to 
fenfiWity and irritability. Oxygen,, which is capable of 
being refpired fot a tnuch greater length of time than any, 
other gas, except common air, finally deftroy life; firft 
' .r producing changes in the blood, connefted with new 
living aSion. 

In making his experiments, Davy made ufe of a large, 
mercurial air-holder, the invention of Clayfield : in it's 
form it is analogous to Watt's hydraulic bellows, confifl;-, 
ing of a glafs bell, playing under the preffurc of the atmo- 
fphere, in a fpace between two. cylinders filled with mer- 
cury. The inftrument was graduated to the cubic inch 
of Everard, and furniflied with a ftop-cock. 

To afcertain the changes effeded by rcfpiration, the 
ftop-cock having a very large orifice, curved and flattened 
at it's upper extremity, formed an air-tight mbuth-piecei 
By accurately clofing the nofe, and bringing the lips tight 
on this mouth-piece, after a few trials, he was able to 
breathe oxygen or , common air fnv two minutes or two, 
minutes and a half, without any other uneafy feeling than 
that produced by the inclination of the neck and cheft to- 
w^ards the cylinder : but the power of uniformly exhauft- 
ipg the lungs and fauces to the fame extent, required a 
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longer time. At laft, fey preferving exaftly the fame pof- 
ture, after exhauftion of the Kings before the in fpi ration 
of the gas to be experimented upon, and dAirin^it's c6m-£ 
plete expiration^ he found ho could always retaVri nearly / 

the ff^m^e^jqujantity of gas .in. the bronchial vcffels nnd 
fancesi thie diffyrence in the volume expfred at diflerent 
times iicver amounting to a cubic inch and halii- •- 
Bycan^e£tiJlg1he.candufti^g pipe of the air holder, 
during tbtf refpipation- of the gas^ with a fmaU trough of 
mercury by means of a curved tube, it became a perfeoi 
a'dexcdleotbreatliiug machine: for, by exerting a cer- * 

tainpreffuro pn ihe air hoWiog cylinder, it was eafvto 
thmw. a; quantity of gas> aficr every infpiration or expira- 
tion, into, tijfces iilled with mc;rcury Itandingin the trough.' 
In tliefe tubes it .could ht aucuYately analy fed, and thus the- 
chaqgeg. taking place at dififcpent periods of theprocefs-. 
^certained* \ \ .: j ri- . 

Davy was firft induced to the examination of this g^g, Nitron 
or the depblogifticated jaifrous gas;of Dr, Pricftley>*from °^^ ' .• : 
Mitchiir,8i Theory of Qontagion, which i» looked upon- 
by the ex per ipaen tali ft as fallacious. In 1799 hcbcgan^- 
theidyefligalion : but.acohfiderablc time elapfed before 
he was able to procure the. gas in a ftate of purity, 
find his firft experiments were made en the mixtures of 
nitrous oxyd, nitrogen, and uitroua gas, .which are pro- 
duced during metallic fglutions. Dr. Mitchill attempted 
to prove that thi* gas, which he^calls oxyd of fepton, is' 
^^^ principle of Contagiw (vUi art. Miafraata), and ca- 
pable of producing the moft terrible eiTcsSls when ref^iired 
"V animals in. the itiini^left-qu'antitiesr, or even,when ap- 
plied to the (kin or mufcular fibre. Davy, however, on 
^^aking a few coarfe experiments on linall quantities of 
^he gas procured from zinc and diluted nitrous acidj found 
^'^stt wounds were expofed to it's aclion, and the bodies of 
^^Ujnals immerfed in it, wiihout iri^iry ; and that he was 
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able . to breathe it, but with remarkable t&&a. He often 
breathed a quart of it, .or even two quarts^ mingled with 
snore th^n equal parts of oxygen or common air. In the 
■moftdecifive of thefe trials, it's eflfeds appeared to be 
depreffing, and he imagined it produced a tendencyto 
iaint'uig; the pulfe was rendered flower under it's opera- 
tion. Htt then infpired the pure gas ; and as it paffed 
through the bronchia without ftimulating the glottis^ and 
produced no uneafy feeling in the lungs, it proved the 
nitrous ozyd . to be refpirable; 
Methttd of The pure nitrous oxyd was procured by the deconapo- 
procvtmg g^^Qjj ^f ijiiraj of ammonia, in a temperature not exceed- 
ing 440^. 200 grains of compa£l: nitrat of ammonia were 
• introduced into a glafs retort, and decompofed flowly jyy 
the heat of a fpirit lamp. The firft portions were re- 
je£ied, and the hft received in jars containing mercury. 
This gas, when colle&ed^ exhibited the following ppoh 
perties: 
_ fi^ A candle burnt in it with a brilliant fiameand craok* 

ticf. lingnoiie. Before it's extin£tion, the white inner fiatoe 

became furrounded with an exterior blue one. 

k^ Phofphorus introduced into it in a date of inflame 
mation burnt with infinitely greater vividnefs than be- 
fore. 

c. Sulphur introduced into it when burning with a 
feeble blue flame, was inftantly extinguiihed ; but when 
ijaa ftate of a&ive inflammation (i. e. forming fulpburic 
acid) it burnt with a beautiful and vivid rofe coloured 
flame. x 

y. Inflamed charcoal deprived of hydrogen intro- 
duced into it, burnt with much greater yividnefs than in 
the atmofphere. 

^« Iron, burned with great vividnt^fs, and threw out 
bright fparks, as in oxygen, 
yi Thirty meafures of it expofcd to water previoufly 
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boiled was Tapidiy abforbed : when the dimaftitioii was 
complete, rather more thana meafure vetnained* 

g. Pure water faturated with it gave it oot again <m 
ebullition, and the gas thus producitd rctai^d^ all it's 
fermer properties. 

b. It was abforbed by red cabbage juice, but no altevt^ 
tion of colour took place. , 

/. It's tafte was diftinftly fweet, and it^s odour flighty 
but agreeable. 

j. It underwent no diminution when mingled with 
oxygen or nitrous gas. 

After the abforption of the nitrous oxyd bjr water, there 
remained another gas^ on examining which it appeared 
reafonable to conclude, 

ift. That the refidual gas of nitrous oxyd is air pre* 
vioufly contained in the water (which in no cafe can be 
perfeiS^ly freed from it by ebullition), and liberated. by the- 
Stronger attraftion of that fluid for nitrous oxyd. 

9d. That nitrat of ammonia at tempefaturea below 440^ 
if decompounded into pure nitrous oxyd and fluid. 

3d. That in afcertaining the purity of nitrous tsfxyi 
ftom it's abforption by water, correftions ought to be 
made for the quantity of gas difpelled from the watery 
this quantity in common water diftilled under mercury 
being about yi thy in water Amply baited and rifed when 
bet about j\th, and in common fpfing water ^th. 

It's fpecific gravity ; accounting for thefn^all quantity of it»s fpeci^c 
common air contained in it (I90 cubic inches of it contain* ^'^^'^y- 
ing about y\th of common air, introduced from the mcr»- 
ourial air holder into an exhaufled globe, which increafed' 
it in weight 44. 7 A grains, the thermometer being 50** 
and atmofpheric preflure 30.7) ; was concluded to be fuch, 
that 100 cubic inches weigh 50.1' graini at temperature' 
MP, and ac atmofpheric preiTure 37 • 
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It is oooaqpofed of oxygen and nitrogen ; for^ drawing 
conclufions from the quantity of carbonic acid . formed^ 
S«5,graiQS- of nitrous oxyd ate compofed of .82 oxygen, 
jsnd i .68. nitrogen ; or 100 grains of nitrous oxyd contain 
37 of oxygen, and 63 of nitrogen. On making expe^ 
riments pn the rcfpiration of nitrous oxyd by warm 
blooded animals, it was procured ias above related, and 
received iii large jars fiUed with water ]>r€vioufly faturated 
with the gas. The animal was introduced into the jar by 
being carried under the water, by which it fuffers little 
or nothing : after it's introduftion, the jar was made to 
reft «n a flielf about half an inch belo|w the furface of the 
watjer, and the animal carefully fupported ft) as to preveni 
it's mouth from refting in the water. The animals ex- 
perimeiUed upon were \he cat, dpgi rabbit, guine^i pig, 
moiiic, and goldfinch. » ■ . '; 

In each of thefe experiments .a certain abforption of 
the gas was alw^ays perceived, the water rifing in the j^r 
during the refpiration of the animal. From thcfe it ap- 
pears, ' ' 1 

ift. That nitrous oxyd is deftruftive, when refpired for 
a certain time, to the warm blooded animals, apparently 
previoufly exciting them to a great extent. 

gd. That when it's operation is flopped before complete 
exhauftion is brought on, the healthy living aftion is ca- 
pable of being gradually reproduced, by enabling the ani- 
mal to refpire atmofpheric air. 

3d* Exhauftion and death are produced in the fmall 
animals by nitrous oxyd fooncr than in the larger ones, 
and in young animals of the fam^ fpecies, in a fliorter 
time than in old ones. 

He found' that animals live at Icaft twice as long in ni- 
trous oxyd as they do in hydrogen or water; confequently> 
there was every reafon to fuppofe from this circumflance 






RESPIRATfON. W> 

aloniCj that their death in niirQus oxyd could -not depend- 
on the fimple privation of atmofphcric air: but that itr 
was owing, to fome peculiar ^hapges effefted.in^tfe:^ 'blood 
bythe gas, - » • . . 7 

The external appearance of animals that hav.e-betn de-r9"**^^^' 
flroyed in nitrows oxyd is very jittle different &oqi that , 

of thofe killed by privation .of atmofpheric -w. The* 
fauces and tongue appear of a dark red, and the eyes are 
dull and a little protruded. Their internal oy*g2qj^,, how- 
ever, exhibit a very peculiar change : the lungs are, a jMile 
brown red, and covered here and there with purple. fpot^; 
the liver is of a very bright redy and^the mufguUr fibre int 
general dark. Both the auricles and ventricles .of the 
heart are filled with blood. The auricles contra(9: for 

niinutes after the death of the animal. The bIopd:-iJithc 

left ^ventricle and the aorta is of a tinge bctwpen purpl& 
and red, whilft that in the right ventricle is of adark cp- 
lour, rather more purple than the venous bloody : Thefe 
appearances are fimilar to thofe obferved by Dr. !^eddoes 
l^anitnals-that had been made to breathe oxygejia great 
length of time. 

From other experiments on the refpiration of mixtures 
of nitrous . oxyd and other gafcs, and on recapitulating 
thofe before mentioned, it appears, 

1. That warm blooded animals die in nitrous oxyd in- Recapituia^ 
finitely fopner than in common air or oxygen y but not 

•nearly in fo (hort a time as in gafes incapable of effc<Sling 
pofitive changes in the venous blood, or in nonrefpirable 
gafes, 

2. The larger animals live longer in nitrous oxyd than 
tnefmallcr ones, and young anirnals die in it fooner than 
^•d ones of the fame fpccies. 

3. When animals, after brpathing nitrous oxyd, aro 
^^Jftovcd from it before complete exhauRion has takeiv • • 



plactfj they are capable of being reilored to health under 
the a£kion of atmofphcric air. 

4. Peculiar changes are effe&ed in the organs of g&i« 
tnals by the refpiration of nitrous oxyd. In animals de- 

' ftroyed by it, the arterial blood is purple red^ the lungs are 
cdvered with purple fpots, both the hollow and comptft 
xftufcles are afparentfy very irritable^ and the brsun is dark' 
eolopred. 

5. Animals are deftroyed by the refpiration ofmix* 
tures of nitrous oxyd and hydrogen, nearly in the fame 

' time as by pcute nitrous oxyd : they are capable of livingl 

fbragreat length of time in nitrous oxyd, tningled widi 

vety mifiute quantities of oxygen or common flur. 

Amphibi. As it appeared that the nitrous oxyd deftroyed wantf 

pn$vk I. yoojgj animals, by increafing the living a6kion ef theit 

organs to fuch an extent as finally to exhauft their irrita* 

bility and fenfibility ; it was reafonable to conje6ture thai 

' the cold blooded animals, poffefled of voluntary powec 

over Tcfprration, would fo regulate the quantity of nitrous 

oxyd applied to the blood in their lungs, as to bear it's 

adion for a great length of time. But this conje&tire, oa 

experiment, wa^ found to be erroneous. 

From the experiments upon them, if, appears thai wa- 
ter lizards, and moft probably the other amphibious ani-* 
mals, die in nitrous oxyd in a much fliorter time than in 
hydrogen, or pure water; confequently, their death in it 
cannot depend on the fimple privation of atmofpheric ail*. 
fiSktA.. It was expefted that fifties, like amphibious animals> 

would have been very quipkly deftroyed by the a6iiod 
of nitrous oxyd ; but although water faturated with 
nitrous oxyd had no pofitive effefl^s upon them, they 
Ought, according to Davy, to die in it much fooner than 
in water deprived of air by ebullition. Frofti their living 
in it rather longer, it may be concluded^ that they fire de- 
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lyed not by privation of atmofpheric air^ but from fome 
itive change effefted in their blood by the gas. 
ie had long ago obferved^ that the gills of fiihes be<^ 
ae rather of a lighter red during their death in the atr 
fphere^ and conjeAured that the difeafe of which they 
i was probably hyperoxygenation of the blood con- 
ned with highly increafed animal heat. For not only 
xygen prefented to their blood in much larger quantiues 
Ltmofpheric air than in it's aqueous folutio.n^ but liks*- 
e in a ftate in which it contains^ to nk common Ian- 
Lge^ much more tatent beat. Without^ however, lay- 
any flrcfs on this fuppofition^ he had the curiofity to 
whether thombacks would live longeft in atmofphe- 
air or nitrous oxyd. In one experiment they ap- 
xed to die in them nearly in the fame time. In ano* 
r, the fifh. in nitrous oxyd lived nearly half as long 
tin as that in atmofpheric air. The winged infe^ fur* Inreat. 
bed with breathing holes became motionlefs in nitrous 
rd very fpeedily : being, however, poflefled of a cer- 
X voluntary power over refpiration, they fometimes 
over, after having been expofed to it ibr fome minutes, 
der the adion of atmofpheric air. A butterfly died in 
reus oxyd in fix minutes ; in hydrogen, in five minutes, 
large fly became motionlefs. in nitrous oxyd in half a 
Ottte; in hydrogen, in a quarter of a minute; in hy-* 
)-carbonat it dropped immediately fenfelefs. Flies live 
jch longer under water, alcohol, or oil, than in non-» 
ipirable gafes, or gafes incapable of fupporting life. ^^ 
rtain quantity of air always continues attached in thq 
ttd to the fine hairs furrounding their breathing holes, 
fficient to fupport life for a fhort time. 

Snails and earth worms live in nitrous oxyd a long snaiis znd 
fhiie; they die in it, however, much fooner than in wa- ^^Jj^s. 
sr or hydrogen, probably from the fan^e caufes as am^ 
^bious animals.* 



• Having difcovered that thenurous oxyd was refpirable, 
the next thing was to inveftigate the changes effected in 
it by the venous blood ; and finding that the refidiial gas 
of nitrous oxyd, after it had been breathed for fome time in 
filk bags, was chiefly nitrogen, the"^conje£lure at firft was, 
4hat the nitrous oxyd was decompofed in refpi'ration in the 
fame manner as atmofpheric air, and it's oxygen only 
combined with the venous blood : but experiments proved 
the contrary ; for it was found, 
li'srffe<ftf . *ltt. That when nitrous oxyd is agitated in fluid venous 
onvcnous j^Jq^j^ ^ certain portion of the gas is abforbed, whilft the 
colour of the blood changes from dark red to red purple. 
. 2d. That during the abforption of nitrous oxyd by the 
venous bloody minute portions of nitrogen and carbonic 
acid are prxxluccd, either by evolution, from the blood, or 
from a decompofition of part of the nitrous oxyd. 
- 3d. That venous blood impregnated with nitrous oxyd 
is capable of oxygenaiion ; and, vice vsrfa^ that oxyge- 
nated blood mljy be combined with nitrous oxyd. 
Changes in To afcertain accurately the changes effefted in nitrous 
oxyd'by^^ oxyd by.rcfpiration, a large mercurial air holder of the 
lefj^iiation. capacity of 200 cubic inches was ufed. Whenever the 
pure nitrous oxyd was breathed after a complete volun- 
tary exhaufti on of the lungs, the pleafurable delirium was , 
rapidly produced ; and being obliged to ftoop on the cy- 
linder, the deternii nation of blood to the head from the 
increafed arterial aftion in lefs than a minute became fo 
great, as often to deprive the experimentalift of voluntary 
power over the mufcles of the mouth. Hence he could 
never rely on the accuracy of any experiment in which 
the gas had been rcfpircd for more than three fourths of a 
minute. He was able to refpire the gas with great accu- 
racy for more than half a minute ; and in all his cxperi- 
njents on thejcfpiration of this nitrous oxyd, a very con- 
fiderablc diminution of gas always took place, and the 
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Uqiinullon was in general apparently greater to. the eye 
luring the firft four or five infpiratibnfl. . ; 

The refidual gas of an experiment was always exa- The rcfidu- 

. ' al gas now 

sained as follows : After being transferred through mer- examined. 
3ury into a graduated cylinder, a fniall quantity of con- 
:entntted folution of cauftie potafli was intodiiced iixto it, 
ivhere it remained in cotitaft fome^hours : the diminution 
A^as then noted," and the quantity of gas abforbed by the 
ootafh judged to be carbonic acid. To the remainder 
:wice it's bulk of pure water was admitted; and, after agi- 
tation and reft for four or five hours the abforptioii was 
noticed, and the gas abforbed confidered as nitrous oxyd. 
The refidual unabforbable gas was mingled over water 
with twice it's hulk of nitrous gas ; and by thefe means it's 
oompofition, whether it confifted wholly of nitrogen, or 
of nitrogen mingled with fmall quantities of oxygen^ af- 
ccrtained, 

\ From a number of experiments, the following are fe- 
lefted as the moft accurate on the rdfptration of nitrous 
oxyd : 

.' 1. At temperature 5^^^ 102 inches of nitrous oxyd 
were breathed, which contained nearly ^^th common air, 
for about half a minute, feven infpirations and feven ex- 
pirations being made. After every expiration anevid^t 
dimmutLon of gas was perceived ; and on the laft full ex- 
piration it filled a fpace equ^l to (52 cubic inches. . 
Thefe 62, being analyfed, were found to confiil of 

Carbonic acid 3.2 ' •• 

. * Nitrous oxyd 29.0 

Oxygen 4.1 

! Nitrogen 25.7 



62.0 



Hence, accounting for tbe two cubic inches of commoa 



air prcTioufly mingled with the wtroui oxyd, 71 cd^ 

inches had difappeared. 

8. At temperature 47% 18S were breathed, with tf of 
atmofpheric air of the air holder, for 40 fecoods— inall 
eight refpirations. The gai after the laft expiraticiii: 
equalled 138 cubic incbesj which, on analyfis, confited^f 

Carbonic acid • , . . 5.f5 

Nitrous oxyd 88.75 

Oxygen 5.00 

Nitrogen S9*00 

Coniequently 93.25 cubic inches had difappeared in tbii 
experiment. Hence nitrous oxyd is rapidly abforbed by 
the venous blood through the moid coata of the pulmo*'. 
~ nary veins. But as, after a complete voluntary exhaufiioa 
of tile lungs, much refidual air muft remain in the hraiii^. 
chial vefiels and &uces, as appears from their incapabiJilji 
of completely collapfing, it is evident that the gaa expired* 
after every infpiration of nitrous oxyd niiift be nungfcd 
with different quantities of the refidual gat of the liii^ f 
and after a complete expiration, much of the unabfearbfd 
nitroua oxyd muft remain as refidual gas in the lunga« 
Now, when a. complete expiration ia made after tii§. 
breathing of atmofpheric air, it is evident that the refi'** 
dual gas of the lungs confifts of nitrogen mingled with 
(mall portions of oxygen and carbonic acid, becaufe thda . 
products are formed during the refpiration of common air^ 
and they are the only produ6b found after the refpivatiocf 
of nitrous oxyd* 

To afcertain whether tbefe pr^u£ts were partly pro* 
duced during the procefs of refpiration, or whether they 
w^re wholly the refidual gafes of the lungs, was fotud 
extremely difficult. The firft, however, is the moft pro- 
bable. 

For this purpofe the author firft thought of breathing 
nitrous oxyd immediately after bis lungs bad been filled 
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vriih oxygcny. said to cothpare the produSEs remainiiig tfter 
the full expiration with thofe produced after i ittll expir»^' 
lion 6f pure 4MC)'gen ; but this idtajwas reiinquifhed. Ht 
attempted to infpire nitrous oxyd^ afterhaVing made two 
iiifpiratiofns, and a complete expiration of faydrogen ; but 
the eflfefts- of the hydrogetx werc'fo debilitating, and the 
confequent flimulation by the mtroasloxyd.fogreat^. as . 
to deprive him of fenfe.- 

Though experinients on fudceflSve infpirations of pure 
nitrous oxyd might go fo far astodetertnine whether or no 
any nitrogen, carbonic acid> and oxygen were produds o€r 
refpiration ; yet he diftinftly law that it was impbffibtSe in 
this way to afcertain their quantttie8> fuppofing them.pro- 
dticed, unlefi he could firft determine the capacity of 
bts lungs, and the different proportions of the gafes re-* 
imnning in the bronchial veffeh after a complete expira^ 
tion^ when atmofpheric air had been refpired. In fome 
experiments (made on the refpiration of hydrogen, to 
determine whether carbonic acid was produced by the 
combination of carbon loofely combined in the Ychodi 
blood with the oxygen refpired, or whether it was fimply 
pMn §ui aA excremenUtious by this blood) he found, with^ 
out being able to refolve the problem, that in the rcfpira- 
tiofi of pure hydrogen, little or no alteration 6f volume 
took place ; and that the refiduai gas was mingled with 
iome nitrogen, and a little oxygen and carbonic acid. 

From the comparifon of tbefe fa£b with thofe on the 
abforption of nitrous oxyd by venous blood, and on the 
effefts produced upon animals by the refpiration of nitrous 
oxyd, there was every reafon to fuppofe that hydrogen was 
net abforbed or altered, when refpired^ but only mingled 
with the refidoal gafes of the lungs. 

Hence, by making a full expiration of atmofpheric * 
lit, and afterwards- taking, fix or feven refpirations of 
hydrog^in the mercurial air-holdef^ and then making 
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2 cbni^hite tiqnration^ he thottght tbatt tba refidual gas 
and :the hydrogen would be fo mingkd^ ds that- nearly 
tbe:rfame'>proportions ihould remain in the bronchial. 
Toafccrtain^^^^'* as in the air- holder. By aicertaining thefe {Mo** 
'^ri^Tuces P°^^"^ ^^ calculating from them, he hoped to^ 4ble 
andbron- toaicertain with iolerible exa6baefs the capacity of hi» 
thecumpo- faocea and bronchia^ . as well as the compi^tion of « the 
^^emsti^ gas remainingnn them^ after a complete ex{>iratioa, of 
inginthem. oommon air. ' , 

HydrogeH.'^Thi hydrogen employed for this^pofpole 
^ras procured from the decompo6ticm of water by means 
of dead iron fiiingB ahd dihited fulphttiic and muriatic 
acids. It was breathed in the fame manner as nitrous 
dxyd^ in the large mercurial air*hoIder^{ TbedifBcuHy 
of making the experiments w^ great, iVotik the difficulty 
of breathing bydrogen for half i minute fo as to make a 
complete expiration of it> after, a oompYete voluntary ex« 
It^uliion x>f the luingis* The piirity t}f the liydrogeji;wkb 
a^itained immtdialely before the expeiimtot by th^^eft 
lOf nitroua gas, and by detonation with jORygen in atmoi- 
fybmi air : ^gen^rally re meafunea of atmo^diferic aiin.weirt 
fircfd^ with four of the hydroi^ ; and if the tfoniaatioD 
was to ten or a little ihorr^ the gas was jadgEd >pmr. 
Afi^r the eaperimeht, when the complete oi{Riati<ki had 
h9en iodide, and the icoinnloh teAperatuare j c flfi fd d, » tkt 
volume of tfae gas was noticed^' ind thSan a. b&til qt^asitihr 
isf it thrown into the Bkrcuriai apptkratna, by mcana of 
the condoling tube, to be ei&mined^ The carbomc Sfcid 
w*ajs feparated by fotution of potaAi or Jhfontian; tht 
iquantity of oxygen afcertarned by mtroiis ^s. of ktowa 
cbinpofitibn; the fupeirabondaht nitrov^gas tmai.abiorbcd 
bya folutionofmuriat of irbn^ and theptopdrtions ofHy** 
drogen and hitrc^en in the remaining gas tiHbovered- by 
inflammation with atmofpheric air or oxyg/sa in the d^ 
tonating tube by the ele(5lric fpairk. 
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.TThe tJiBK) fbllowiog expeiments on quaalitm of hy^,^ 
dtogen^ equal ta tbofe of the nitrous oxyd^ ceffHred u| 
tlM foregoing experiments^ «u*e the moft itccuratt of 

ink ^^ ■: 

. £xpu I* He relptred at 59% 102 cubic inches-of hy<)ror 
yn, apparently pure» for rather lefs than half a minole^ 
Qii^kin^fevea quick refpirations. After the complete e^ 
piralioo^ when the eommon temperature was reftoreciy 
the gas occupied a fpace equal to 103 cubic inches nearly;. 
Thefeanalyfedwere found to confiftof 

Carbonic acid ...^... 4.0 ^ 

-Oxygen ..u........ 3.7 .j 

: Nitrogen 4.17.3. 

' ' Hydrogen •••..i;». 7».0 

:■■■[ : • ■■': :';.: ' ; '• ■ 103;0 ". ' ■ 

. I : • . - ■ • „ ' ; • . ■ • » - • • • • ^ ■ • 

I 

Voir, as in thtscmperitnent the. gas ^raa increafed in ll^lk 
oalf a<nibic incii ; fuppofing tUat tafter the complete tt« 
piratbnthegaamthe lungs^ brcBicbia^ and fitmces^ tiras 
^ nearly fimilar competition with thiit in'the air-holder^ 
^mdjhat no hydtegen had been abforbed by the biodd^ it 
VDuid follow that 24 <^bic intiies of 'hydrogen remaihed itk 
^ internal o^ans of refpiration^ and eonfequently^ by the 
mle of proportion^ about 7 .S of the thixed refidual gas 
of tile common air« And then the whole quantity of re* 
^nal gas of the lungs^ fuppofing the temperaiture 5g?^ 
^^rouli have been 31.8 cubic inches; but as it's tempers* 
t)tte^a» nearly that oF the internal parts of the body^ 
B^i it mufi Jbave jSlled ^ greater fpace ; calculating from 
tiktiexperiments.of Guyton and Vemois (An. de Ch. t. i. 
, 1^ 979} about S 7 •Sr cubic inches. 

trotx^ the increafe of volume, it would appear tb^t n 
^Qute quantity of gas had been generated during the re« 
Wation ; and this was n^oft probably carbonic acid : for 
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thcire ts Tit reaifon to fuppofe the prodii£Hon of nitrogen. 
There is alforeafon to fuppofe that a Irtile of the refidual 
4)iygen miift have been abforbed. Making allowances for 
thefe circumftances, it would, follow that the 37-5 cubic 
inches of gas remainnigin the kings of the operator, after 
* a' complete expiration^ of atmofpheric air, animal heat 

^, equal to 31.3 cubic inches at 59®, werecompofed 

•V' ' Nitrogen ^4.9 

, Carbonic acid 4.9 

Oxygen •;..*...•. 3.0 



t • 



31«8 



Exp. 2. He rejpired for near a minute and a half in the 
mercurial air-holder at 61°, 182 cubic inches of hydrogen, 
making fix .long infpirations. After the laft expiration, 
the ga$ filled a l^acejnearly equal tQ 184 cubic inches, 
and ai^alyfed w^. found to confift of . 

Carbonic acid 4.8 

Oxygen 4.6 

J^itrogen .......... 21.a 

^ Hydrogen 153.6 

<-.»■■•■ 

184.0 






N<3W in this experiment, reafoningas before, 28.4 cubic 
inches' of hydrogen muft have remained in the lungs, and 
likewife b.b of the atmofpheric refidual gas. Confer 
qiiently, the whole refidual gas was nearly equal to 34 
cubic inches at ei*", which at 98** would become about 
40.4 cubic inches. And it would appes^r alfo, that the 
quantity of gas remaining in the lungs, after a complete 
Vollmtary tefpiration, equalled at 98°, about 40- cubic 
inches, and at 61°, 34 nearly; that after common air h«l 
been breathed, the 34 cubic inches confifted of . 
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Carbonic acid ...••« 4> 1 

Oxygen . • 5^5 

Nitrogen . . • . , 24>4 



"^^1^ 
/ 



34.0 



It would hare been poffible, according to the operator, to 
prove the truth of the poftulate on which the experiment 
were founded, by refpiring common air or oxygen aft^r 
the complete expiration of the hydrogen, for the fam,« 
time as the hydrogen was refpired, and in equal qua):>tiitie.s. 
For, if portions of hydrogen were found in the air- holder 
equal to thofe of the refidual gases in the two experiments^ 
it would prove that a uniform mixture of refidual gas, 
with the gas infpired, was produced by the refpiration^ 
This mixture, however, appeared fo evident from ana- 
logous fafts as to make the proofs unncceflary. 

Indeed, as moft gafes, though of different fpecific gra- 
vities, when brought into contaA with each other, afliime 
fome fort of union, it is more than probable that g4s ii)- 
fptred into the lungs, from being placed in contaft wifh 
the refidual gas on fuch an extenfive furface, muft in^ 
ftantly n>ingle with it. Hence, pofllibly one deep infpi- 
ratton and complete expiration of the whole of a quantity 
of hydrogen of the lungs after complete voluntary ex- 
hauftion, will be fufHcient to determine the capacity and 
the nature of the refidual air. - 

That two infpiratiop.s are fufficient, appears probable 
firom the following ' 

Exp. 3. After a complete voluntary expiration of com** 
mon air, he made two deep infpirations of 141 cubic 
inches of hydrogen. After the complete expiration, they 
filled a fpace equal ^to rather more than 142 cubic inches, 
mi analyfed were found to confifl of 
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Carbonic acid d, ] 

Oxygen 4.5 

Nitn^n • 1 8.8 

Hydrogen 1 15.(5 



142.0 

Cld(lfulating from this experinrient on the exhaufted capa* 
eity of the lungs, fuppofing uniform mixture, they woiila 
laontam, after expiration of common air, about '30*7 cubio 
inches at 58<^, equal to 36 at 98**, compofed of about 

Nitrogen W.9 

Oxygen 5.8 

Carbonic acid •••'••• 4.0 



30.7 



li tbight be fuppofed, a priori^ that in this experiment 
i^^ch lefs of the refidual oxygen of the lungs mud hafe 
l^en abforbedj than in experiments > and 2; yet therelf 
BO very marked difference in the portions evolved. That 
a tolerably accurate mixture, took place, appears from 
the Quantity of nitrogen. The fmaller quantity of car- 
bonic acid is an evidence in favour of it's evolution firoto 
the ^venous blood • 

Jt is reafonable to fuppofe that the preflure upon Ae 
r^di^al gas of the exhaufted lungs muft be nearly eqi^ 
tQ that of the atmofphere; but as aqueous vapour Is per« 
petu^lly. given out by the exhalents,' and perhaps evAUed 
frpm'the moift coats of the pulmonary veffels, it \% Irkdy 
that the refidual gas is not only fully faturated witll 
moiftureat 98^, but likewife impregnated with uncom* 
bined vapour, and hence it's volume enlarged bipyond tb? 
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increment of expanfion of temperature. Confidering all 
thefe circvmftances^ and calculating from the mean of the 
three experiments on the cdmpofition of the refidual gas^ 
Davy concludes— ^ 

1 ft. That the exhaufted capacity pf l^s lungs was equal 
to about 41 aifaic inches^i 

f d* That the gas cont&Ined in the bronchial veflT^s ^n^ 
fauces^ after a complete expiration pf atmofpheric airj. 
was equal to about 32 cubic inches— 4t's temperaturff 
being reduced to 55®. 

3d. That thefe 32 cubic inches wer^' compofed of 
about 

Nitrogen, S3.0 

, Carbonic acid, •....• 4. 1 
Oxygen, 4.9 



32.0 



* In many experiments made in the mercurial air-^holdl^iV 
on the capacity of the lungs under different dreiihilEP 
ftahces, he found that he threw put of his Jungs> hy^t' 
full forced expiration, at temperature from 59^ to 99^^, - 

Cnbic Incbet. 

After a full voluntary infpiration, from 1S9 to i9i ^ 
' After a natural infpiration, from 78 to 79 - 

After a natural expiration, from .67 to ^ 

So that, making th^correftions for temperature, it would 
appear that his lungs in a fiate of voluntary ioffnratiotf 
contained about 254 cubic inches : ih a ilate of natural 
idpi ration about 135; in a ftate of natural expiriitipi^ 
jlil^ut 118; and in a date of forbed expiration .41 . B^ 
as the exhaufted capacity, as well as impleted cdp^ty^ 
of the internal organs of refpiration muft be different Iti 
different individuals, according as the fbrm^ and fize <i^ 
their thorax, fauces, and bronchia are different, it would 
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be a)moft ufdefs to endeavour to tfcertainra ftandfng ca-r 
pacity. It is, however, probable* that a ratio exifts be-i- 
(twceh the quantities of air infpired in the natural and 
forced infpiration, thofe expired in the natural and forced 
expiration, and the whole capacity of the lungs. If this 
ratio were afcertained, a fingle jcxperiment on the natural 
4nfpii:ation and expiration of common air would enable 
iUb toafcertain the quantity of refidual gas tn the lungs dF 
any individual after a complete forced expiration. Tht 
operator is of opinion that the capacity of hit own lungs 
is below the mcdtum-^is cheft being narrow, meafuring 
in circumference only twenty-nine inches,, and his necl^ 
rather long and flender, 
CouMnenif Having thus afcertained the capacity of his lungs, and 
periraenM ihc compojGtion of the refidual gas of expiration, it re- 
fjLadoiiof niained to reafon on the experiments on the refpiration of 
fiSRoui nitrous oxyd. 

In experiment I^ nearly IdO cubic inches of nitrous 
oxyd (making the corredtons on account of the cotninon 
air) were refpired for half a minute. In this time they 
'were reduced to 62 cubic inches; which confided of 3.3 
carbonic acid,* 29 nitrous oxyd, 4,1 oxygen, and 2i.7 
nitrogen. 

Biit, as appears from the laft fe£lion, there exifled in 
the lungs, before the infpiration of the nitrous oxyd, 
about 32 cubic inches of gas, confifting of 23 nitrogen, 
4.1 carbonic acid, and 4.9 oxygen — temperature being 
. reduced to 59^. This gas muft have been perfeflly min- 
gled with the nitrous oxyd during the experiment; and, 
. confequently, the refidual gas in the lungs, after the ex- 
periment, was of the fame compofition as that in the 
,.Jair-holdcr. 
' Suppofing it, as before, to be about 32 cubic inchcj|, 
.from the rule of proportion they will be compofed of 
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NTtrous" oxyd, . . » . . : 14.7 

Nkrogc<i, .13.3 

Carbonic acid, 1,9 

Oxygen, , 9A 



33.0 



I 



t 



jtind the whole quantity of gas in the kings and the afr* 
bolder, fuppofing the temperature 59% will equal 94 cubic 
inches 5 which arc compofed of 

Nitrous oxyd, , 43.7 

Nitrogen, 39.O 

Carbonic acid, 5.2 

Oxygen, .. .. , 6.1 



94.0 



^^ 



But, before the experiment, the gas in the lungs and air^p 
.holder equalled 1 34 cubic inches; and thefe, reckoning 
for the common air, were compofed of » 

" Nitrous oxyd lOO.d 

Nitrogen, S4.3 

Carbonic acid, .... 4.1 
' Oxygea, 5.5 



t 



134.0 



Hence it appears, that 56.3 cubic inches of nitrous oxyd 

•were abforbed in this experiment, and 13.7 of nitrogen 

produced, either by evolution from the blood, or decom- 

pofition of the nitrous oxyd. The quantities of carbonic 

acid and oxygen approach fo near to thofe exifline: after 

^he refpiration of hydrogen, that there is every reaf6n to 

believe that no portion of them was produced in confe- 

quence of the abforption or decompofition of the .nitrous 

pxyd. 
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Iti Experiment 11^ calculating . ia jt^ie f^c..|^aiiQe|'^ 
befpre the firft inrpiration a quantity of gas^ equ^^ 
S16.5 cubic inches at 47%* exifted in <the lungs and aig^ 
holder; and thpfe 216.5 were compofedpf 

Nitrous oxyd, 182.0 . 

Nitrogen, 24.9 

' Carbonic acicl^ • . . • 4*1 
* Oxygen, ....... . 5.5 



' ■• r I 



' ■.'.• 



♦ r4 • 



216.5 






.1 ■ 



After the complete expiration, 160 cubic inches remm^ ^ 
in the lungs and air- holder ; which were compofed of' ^ 

Ki^rous oxyd, 110.6 

Nitrogen, • . . ^ . . . . 36.3 

Carbonic acid, .... 6.8 j 

Oxygen, 6.3 



. :<,i 



' A\ 



160.0 



Hence it appears that 71*4 cubic inches of nitrous 
oxyd were abforbed in this exp&riment;, and about 12 of 
nitrogen produced. The quantity of carbonic acid and 
oxygen is rather greater than that which exifted in the 
experiments on hydrogen, 
icitragefi From thefe e(limations he learned that a fmall quantity 
during rr- pf nitrogen was.prodyced during the abforption of nitrous 
of nh«w» ^Vj^ J" refpiration. It remained to determine wh^her th^ 
<»y<*. jnitrqgen owed it's produiftion to evolutioii &«» the biwi*. 
or to the decompofition of a portion of th^ mtroins oxyd. 
J^nalogical evidences were not.in.fjavpvir pf th.e feyjQr 
thefis of decompofition. It was difficult .to fupppfc tlv^t 
^ body requiring the temperature of igpitipn for it*«4^r| 
compoQtion by the moil infl^mpi^tk xbpdics, jf}ioaI<^^, 
jpartiallyabfarbed and partially decompftuodctd f^ JW.^ b^, 
a fluid apparently poflefTed of uniform attraftions. {t 
was more eafy to believe that, from the immenfe quantity 
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tf nitrogen taken into the blood in nitrons oxyd, the fvC* 
fern foon became overcharged with this principle 5 which 
not being' wholly expended in new combinations daring 
living a&ioQ, was fiberated in the aeriform ftate by the 
exhalants, or through the moift coats of the veins. IF 
die laft rationale were true, it would follow that the quan* 
tity of nitrogen produced in refpiration ought to be in* 
creafed in proportion as a greater quantity of nitrous oxyd 
entered into combination with the blood. 

To afcert^n whether this was the cafe^ he made, after 
full voluntary exhauftion of his lungs, one full voluntary 
infpiration and expiration of 108 cubic inches of nitrous 
oxyd. After this it filled a fpace nearly equal to 99 cubic 
inches; the quantities of carbonic acid and oxygen in 
thefe were not determined ; but by the teft of abforptioa 
by water, they appeared to contain only 1 8 nitrogen, 
which is very little more than ^ (hould have been given 
firom the reiidual gas of the lungs. In a fecond experi- 
ment he made two infpirations (^ 108 cubic inches of 
nitrous oxyd nearly pure : the diminution was to 95. On 
analyfing thefe p3, he found, to his great furprife, they 
contained only 17 nitrogen. Hence he fufpefted fome 
iburce of errour in the procefs. 

He now introduced into a ftrong new filk bag, the fid^s 
being in perfeift contaft, eight quarts of nitrous oxyd : it 
was mingled, from the mode df introduftion, with a 
Httle common air, but not fufficient to difturb the refults. 
He then adapted a cork cemented to a long curved tube 
to his fight nftftril; the tube communicated with the water 
apparatus ; and the left noftril being accurately dofed, 
and the toouth-piece of the filk bag lightly adapted to the 
lipis, he made a full expiration of the common air of his 
lungs, infpired nitrous oxyd from the bag, and, by care- 
ftitly clofing the mduth-piece with his tongue, expired 'it 
through the <Htnred tube kito the water apparatus. In 
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this way he made nine r^fpirationB of nitmus K>xyd. The 
expired gas of the firft refpiration was not preferved ; bul 
jpartof the gas of the 2d^ 3d, 5th, yth^ and 9tl|» wero 
caught in feparate graduated cylinders. The 3d, ana«* 
lyfed by abfprption, confided of about 29 abfprbable gas, 
which mud have been chiefly nitrous oxyd| and 17;un^ 
abforbable gas^ which mud have been chiefly nitrogen ; 
and the 3d of M abforbable gas and eight unabforbable. 
The fifth was cpmpofed of 27 to 6; the 7th of 23 tei7'i 
and the gth of 26 to 1 1. 

Though the refults of thefe experiments were not fo 
concluiive as could be wifhed ; yet, comparing them wit^ 
thofe of the experiments on the changes effe&ed in ni- 
trous oxyd by refpiration, it feemed reafonable to con^ 
elude that the production of nitrogen was inpreafed in 
proportion as the blood became mof e fully impregnated 
with nitrous oxyd, * 

From this conclufipn, compa.red with the phenomei)a 
noticed on the abforption of nitrous 0:1^ yd by venous blood, 
and on the changes effeiled on the organifafiop of warmr 
blooded animals, by the refpiration of nitrous oxyd', he 
is induced to believe that the produ&ion of nitrogen, du- 
ring the refpiration of nitrous oxyd, is not owing to the 
decompofition of part of the nitrous oxyd in the aeriform 
date immediately by the attraftion of the red particles of 
produAion venous blood for it's oxygen; but that it is rather owing 
from7he^ to a new arrangement produced in the principles of the 
new ar- impregnated blood during circulation ; from which, be- 
in theprin- commgluperfaturated With nUrogcp, it gives It out through 
fi^nT' '^* the moid coats of the vefTels, 

ted blood. For if any portion of nitrous oxyd wiere decompofed 
immediately by the red particles of the blood, the quan- 
tity of nitrogen produced ought to be greater during the: 
• fird infpirations, before thefe particles became fully com- 
^ joined with condenfed oxygen. If, oij the contrary, the 
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^hole of the nitrogen and oxygen of the nitrous oxyd ^ 
Afere both combined with the blood and carried thrw^h 
the pulmonary veins and* left chamber of the heart to the 
irteries^ then, fuppofing the oxygen chiefly expended in 
living action, whilft the nitrogen was only partially ton- 
fumed in new combinations, it would follow that the 
irenous blood of animals made tp breathe nitrous oxyd^ 
hypeffaturated with nitrogen, mud be different from 
common venous bloody and there is reafbn to belj^eve 
this from the phenomena, on the changes effeSed in the 
organifation of warm-blooded animals by the refpiration 
of nitrous oxyd. 

Befides nitrogen, carbonic acid and water have been Of the other 
noticed to be the produ6ls of the refpiration of nitrous carbonte 
gkyd. . acid«Mi 

As nearly equal quantities of carbonic acid are prt)du-' 
ced, whether hydrogen or nitrous oxyd is refpired, pro- 
vided the procefs is carried on for the fame Ume, there is 
every reafon to believe that no part of the carbonic acid 
produced is generated from the immediate decompofition 
of nitrous oxyd by carbon exifiing in the blood : hence it 
xnuft be either evolved from the venous blood, or formed 
by the flow combination of the oxygen of the refidual air 
of refpiration with the charcoal of the blood. 

But if it was produced from the decompofition of refi- 
dual atmofpheric air, it would follow that it's volume 
muft be much lefs than that of the oxygen of the refidual 
air which had disappeared ; for fome of this oxygen mufl 
have been ahforbed by the blood, and during the conver- 
Gon of oxygen into carbonic acid by charcoal a (light di- 
minution of volume is produced. 

In the experiments when nitrous oxyd and hydrogen 
were refpired for half a minute, the medium quantity of 
carbonic acid produced was 5«6 cubic inches. 
Suppofe the quantity of carbonic acid produced is in 
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the ratio of the oxygen, diminiflied^ and there is evei^ 
mafon to believe th^t^ in the expiration of at/nofpberic 
air^ the expired air and the refidual air are nearly pf i\^ 
iaine compofitton* Hence no more carbonic acid can re* 
maia in the luugs^ or be produced from the refidual gas,^ 
after th^ complete expiration of common air^ than that 
which can be general^ from a volume of atmofpherif 
air equal to the refidual gas of the luiigs. This refijuil 
g9Sy after complete expiration^ equals at 55% 36 cubic 
inches, and 32 cubic inches of common air contain SJ 
cubic inches of oxygen. But in the experiments on the 
refpiration of hydrogen^ not only 5.6 cubic inches of cary 
bonic acid were produced^ but more than four of r^diitl 
Qxyged remained unabforbed. 
Tbtcarko- Hence it appears impoffible that aU the carbonic>aciii 
^v^ could^have been produced by the combination of .tfaanxM^ 
through the in the venous blood with refidual atn^ofpheric Cffygon j 
vciieii. there is therefore every reafon to believe^ tbiyt it is whgl^ 
or partially liberated from the venous blood tbrou|^ the 
moift goats of the ve}Qels. The water carried CMHb of tlie 
lung9 in folution, by. the expired gas of nitrous oxydf 
could neither have been wholly nor partially forjnedby 
the decompofition of nitrous oxyd. The coals of 4the juU 
fels in the lungs^ and indeed in the whole .internal furf^ 
of the body, are always covered with moiftujre ; and the 
folution of part of this moifiure by the infpired hoAt^ 
gas, and it's depofition by the expired giis, ^rej^ocording 
to Davy, fufficient caufes for the appearanoe of the phe- 
nomenon. There are no reafons for fuppofing that any 
of the refidual atmofpheric oxygen is immediately com^ 
bined with fixed or nafcent hydrogen,, or bydroqarbopat, 
in the veinous blood, at 98^, by flow combqfl:ion, and 
confequently none for fuppofing that water is immeV: 
Thewater diately formed in rdpiraUon. The evpbitiofi of watfcr 
JK»m\bc . ^^°* ^ veffels in the lungs is almoil certain £rom »u- 
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mcrous analorie^." He found that nitrous eiyd call be '^^^^ "* 
r^Kpired without danger by man for a muth longer iinie 
than that required for the death of iht fmaller quadrupeds, 
in it. • He has breathed it two or three tii|ie$ in a cQnfi- 
derable date of purity for four minutes and a quarie/^ 
tad four minutes andahalf^ and fome ^ifeafed kidm^ 
4aats for five minutes. Three quarts, n e. about one 
^ndred and feyenty-four cubic inches^ aire coofumed fo 
jls to be unfit for refpiration by a healthy indifidttai 
with Uings of moderate capacity in about oniet minute and 
»^arter ; iix quarts, or 848 cubic inches, lafi g^ierally 
for-two minutes and half or two minutes axid three 
quarters ; eight quarts, or464 cubic inches, for more tbaa 
three minutes and half ^ and 1 fi quarts, ^v 696 cubic iacffaest 
for nearly fi^e. He is inclined to believe that'nitrous &xyd 
is JBtbforbed more TQ|)idly after heavy meals^ or durif^ 
ftimuiatioti ^r^n wj^eor fpirits, than at other times | and 
adit's nbforption ^appears to depend on a fimple folutioa 
in the venous blood, probably diminution of temperature ^ 

will increafe it's capability of bdrtg abforbed. The rangtf 
l^the Cdnfumptidn of differttit individuals does not ex- 
T^d to mdre tbilti a pint, or SO cubic inches, at the maxi^i- 
nttnki tlofe ; hrence thfe medium of confuthption is not Far 
froth two bubic itaches, or about a grain every fecond, or 
ICO cubic itiches, or 6D grains, in a minute. When ni- 
trous oxyd is breathed in tight filk bags, towards theend 
of the experiment, as the internal fnrlace becomes moift, 
a certain quantity of common air penetrates through ; but 
it is too fmall to deftroy any of the efffeifts of the nitrous 
otfA. , 

'Maving thus afcertained the abforption of nitroUs oxyd* On the rt- 
ib Tcfpiiratroti, and thie evolutioti of nitrogen atid carbo- ;^TOof^rie 
^Tc add from the lungs, during it's abforption, he was *"^* 
aninous to compare the changes efFefted in this gas, with 
thde produced in nitrous dtyd and oxygen ; contidering 
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ttirfbfph«ric air as a compound^ in which princrplci^fdaf^ 
• ileal with thofe in nitrous oxyd exifted, though in dff« 
fercnt quantities and loofer combination. 

The compofition of the almofpheric air before infpira^ 
tion5 and after expiration, was afcertained in the foUow- 
ing manner :• 40 meafures of it were agitated o\^er mer- 
cury in folutton of cauAic potafli, and here it remained 
two or three hours in contact. The diminution was 
noted, and the gas abforbed judged to be carbonic acid< 
Twenty meafures of the gas, freed from carbonic aci3, 
were mingled with 30 of nitrous gas, in a tubeoffiv^ 
inches diameter; they were not agitated^ but fuflered to 
reft an hour or an hour and half, when the volume occa-* 
pied by them was noticed ; and 50— jw the volume oc* 
cupied> divided by three, confidered as the oxygen x, ani, 
f — X confidered as the nitrogen. When they arc agita* 
ted a greater proportion of nitrous gas is abforbed wtA 
condenfed in the nitric acid by the water f and to find tht 

50— «i 50— m 

oxygen x^-^^ or -3^ 

Exp, 1 . To afcertain the changes efFe&ed in atmo- 
fpheric air by (ingle infpirations, he inade after a com* 
plete voluntary exhauftion of his lungs^ at teihperature 
61% one iafpiration and expiration of 141 cubic inches of 
this air. After expiration they filled a fpace equal to 139 
cubic inches. Thefe analyfed were found to confift of 

Nitrogen 101 - 

I Oxygen 32 

Carbonic acid . . 6 
The 141 cubic inches before refpiration were com- 
pofcd of 103 nitrogen, 1 carbonic acid, and 37 oxygen. 
The time taken to perform the infpiration and full expi- 
ration wa3 a quarter of a minute. He repeated this ex- 
periment feven or eight times, and the quantity of ox}'gen 
abforbed was generally from five to fix cubic inches; 
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s, 

the carboDric acid formed from five to 5.5, ^nd the qua- 
lity of nitrogen apparently diminiflied from one to three 
cubic inches. 

Exp. 2. After a voluntary expiration of common air, 
he made one infpiration and full expiration of 100 cubic , 
iixJies of atmofpheric air. It was diminiflied nearly to 
.98^ or 99 cubic inches, and, analyfed, was found tp con- 
fittof 

Nitrogen 71.7 > 

Oxygen 22.5 

Carbonic acid 4.5 . 

. This was repeated four or five times with little dif- 
ference of refult, and there Sways feemed to be a fmall 
diminution of nitrogen. He found he took into his lungs 
pi every natural infpiration ] 3 cubic inches of air, and 
threw out at every expiration rather lefs, or about 12| 
(Cubic inches. 

. The mean compofition of the 13 cubic inches of air 
infpired was 

Nitrogen 9.5 cubic inches 

Oxygen 3.4 

Carbonic acid ... 0.1 ^ 

That of the 12.7 of air expired 

Nitrogen 9.3 cubic inches 

Oxygen 2.2 

Carbonic acid .... 1.2 
Thefe refults he gained from more than 20 expcri-^ 
ments, which fliow their accuracy. He made about 26 
or 27 natural infpirations a minute. So that, calculating 
froiji the above eftimations, it follows, that 3 1 .6 cubic 
inches of oxygen were confumed, and 5.2 cubic inches 
of nitrogen loft in refpiratioir every minute, v^'hilft 26.6 
cubic inches of carbonic acid were produced. 

•To collefl: the produfts of a great number of natural 
expirations, fo as to afcertain whether their compofition 

YOi.. III. N * 
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correfponded with the above accounts, he faftened his lips 
tight on the mouthpiece of the exhaufted airholder, and, 
fuffering his noftrils to remain open, infpired naturally 
through them, throwing the expired air thrqugh his 
xnouth into the airholder. 

In many experiments, he found that in about half a 
minute he made in this way 14 or 15 expirations. The 
mean quantity of air coUefted was 1 7 1 cubic inches, and 
confiftcd of t 

Nitrogen 128 cubic inches 

Oxygen 29. 

Carbonic acid . , . , 14 
On comparing thefe refults with the former ones, the 
mean quantities of air refpired in equal times are rather 
lefs 5 but the proportions of carbonic acid, nitrogen, and 
oxygen, in the refpired air, nearly identical. 

To afcertain the changes effected in a given quanUty 
of atmofpheric air by continued refpirations, he breathed, 
after a complete expiration, at temperature 63®, l6l 
cubic inches of air for near a minute, making 19 deep in- 
fpirations. After the complete expiration, the gas filled 
a fpace nearly equal to 152 cubic inches, fo that nine cu- 
bic inches of gas had difappeared. 
The 152 cubic inches, analyfed, were found to confift of 

Nitrogen 1 1 1.6 cubic inches 

Oxygen, 23. 

Carbonic acid .... 17.4 
The 161 cubic inches before infpiration were com- 
pofed of 

Nitrogen 1 1 7.0 cubic inches 

Oxygen 42.4 

Carbonic acid .... 1.0 
But the refidual gas in the lungs, before the experiment, 
was of different compofition from that remaining in the 
lungs after the experiment. It appears, therefore, after 
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making: proper correftions, that about 5.1 of nitrogen 
\Vere abforbed in refpiration, 23.9 of oxygen confiimed, 
and 12 of carbonic acid produced. This e periment was 
repeated three times with fimilar refulls, and the refidual 
gas of fimilar compofition. So that> fuppofing the exift- 
ence of no fource of error in the o^eriments, from which 
the quantity and compofition of the refidual gas of the 
lungs were efl:imated, the abforption of nitrogen as Prieft- 
ley had fufpefted, by venous blood, appears demonftrated. 
To compare the changes effefted in atmofpheric air by 
refpiration of the fmaller quadrupeds with the above, he 
introduced into a 20-cubic-inch jar, filled with mercury 
in the mercurial trough, 15 cubic inches of atmofpheric 
air, deprived of it's carbonic acid by long expofure to (o- 
lution of potafh. Temperature being 64*^, a healthy 
fmall moufe was quickly pafled under the mercury into 
the jar. He continued nearly 49 minutes without ap- 
parently fuffering, at 20 minutes he lay on his fide, and 
in 55 minutes was apparently dying, but expofed to the 
warmth of a fire recovered. The gas in the jar filled a 
fpace nearly equal to 14 cubic inches ; fo that a diminu- 
tion of a cubic inch had taken place. Thefe 14 cubic 
inches, analyfed, confided of 

Carbonic acid .... 2.0 cubic inches . 

Oxygen 1.4i 

Nitrogen 10.6 

The 1 5 cubic inches before the experiment confided of 

Oxygen 4 cubic inches 

Nitrogen 11 

Hence 2.6 cubic inches of oxygen had been confumed, 
two cubic inches of carbonic acid produced, and about 
0.4 of nitrogen lofl:. The relation, therefore, between the 
quantities of oxygen confumed, and carbonic acid pro- 
duced, are nearly the fame as thofe in the former experi- 
ments; but the quantity of nitrogen loft is much fmaller. 

H2 
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RcfpiMiion The gafes before and after refpiration were analyfed in 
o ox)rgen. ^^^^^ experiments as in the laft, except that three of ni- 
tron^ gas were always employed to one of oxygen, 

Exp. 1 . At temperature 53^*, after a full forced expira- 
tion, he refpired in the mercurial airholder, for half a mi- 
nute, 102 cubic inches of oxygen, making feven long and 
deep infpirations! After the complete expiration, the 
' gafes filled a fpace equal to 93 cubic inches : thefe 93, 
analyfed, confifted of 

•Carbonic acid .... 5.9 cubic inches 

Nitrogen 33.8 

. Oxygen 53.3 

The 102 cubic inches before the ^periment were 
compofed of 

Oxygen ......... 78 cubic inches 

Nitrogen 24 ^ 

The refidual gas in the lungs, before the experiment, 

was. 32 cubic inches, and compofed of 23 nitrogen, 4,1 

•carbonic acid, and 4.9 oxygen. The refidual ga.?, after 

expiration, of 18.2 oxygen, two. carbonic acid, and 11.8 



mtrogen. 



Hence the whole of the gas. in the lungs and airholder 
before infpiration was 134 cubic inches, compofed of 

Oxygen 82.9 cubic inches 

Nitrogen 47.0 

Carbonic acid ... 4.1 
and after refpiration, 125 cubic inches, confiding of 
\ ^ Oxygen 71.5 cubic inclies 

Nitrogen 45.6 

Carbonic acid ... 7.9 
fo that, comparing the quantities, it appears that 11.4 of 
oxygen, and 1.4 of nitrogen, were confumed in this ex- 
periment, and 38 of carbonic acid produced. He was 
furprifed at the fmall quantity of oxygen confumed, being 
lefs than that during the refpiration of atmofpheric air 
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for half a minute : the portion of carbonic acid evolved 
was fmaller. - 

Exp. 3. He refpired at the- fame temperature, after a 
full expiration, 162 cubic inches of gas, compofed of 
133 ozygen, and 29 nitrogen, for two minutes. After 

r 

the experiment they were equal to 1 23 cubic inches. On 
analyfis it appeared, that 37 cubic inches of oxygen, and 
two of nitrogen, had been abforbed,* whilft 21 ciibic 
inches of carbonic acid had been formed. It appears, Compar»» 
therefore, from the eflimations in the laft fciStion, that 63 "'**^^"- ^ 
cubic inches of oxygen are con fumed, and about 52 cubic ji^oipheric 

air and oxy* 

inches of carbonic acid produced, every two minutes, gea. 
during the natural refpiration of common air. So that 
fix cubic inches lefs of oxygen are abforbed, and 30 cubic 
inches lefs of carbonic acid produced, every minute, u hen 
oxygen nearly pure is refpired than when atmofpheric air 
is refpired. 

To afcertain the comparative confumption of atmo- 
fpheric air and oxygen, by the fmaller quadrupeds, he 
procured two healthy mice. ' 

Exp. 3. One was introduced into a jar, containing 
10| cubic inches of oxygen, and three cubic inches of 
nitrogen, and made to reft on a bit of cheefe. The other 
"was introduced into a jar containing 15i- cubic inches of 
atmofpheric air. In the firft it fufiercd in half an hour, 
and was/dying in one hour. The jars^\ere often agi- . 
tated, that the gafcs might be well mingled. The moufe 
in the atmofpheric air was feeble in 40 minutes, and in 
50 unable to ftand. 

The gas in the oxygen jar filled a fpace equal to 12.7 
cubic inches, ^nd, analyfed, confided of 1.7 carbonic 
acid, 2.6 nitrogen, and 8.4 of oxygen. S^^ that 2.1 cubic ' 
inches of oxygen had been confumed, and 0.4 of nitro- * • 
geil, and 1.7 of carbonic acid produced. 

The gas in the atmofpheric jar was diminiflied nearly 

N 3 
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to 14.4, and confifled of 2.1 carbonic acid, 1.4 oxygen, 
and 10.9 nitrogen. So that 2.7 of oxygen, and five of 
nitrogen had been confufned, and 2,1 of carbonic acid 
produced. , 

It appears therefore that the m6ufe in atmofpheric air 
confumed nearly one third more oxygen, and produced 
nearly a quarter more carbonic acid in 55 minutes than 
the other in an hour and a quarter in oxygen. 
On the From the experiments of Cigna and Prieftley, the 

feaU in ' coagulum of the venous blood becomes florid at it's fur- 
Ae biooA jp^gg whefa expofed to the atmofphere, though covered 
fpheric air and defended from the immediate conta6l of the air by a 
* very dark ftratum of ferum. Hence ferum is capable of 
diflolving either the whole comiK)un4 atmofpheric air, or 
it's oxygen. Suppofing it diflblves the whole, it follows, 
that the colouring of the coagulum of blood under ferum 
depended on the decompofition of the atmofpheric air 
coiidenfed in the ferum ; it's oxygen combining with the 
red particles and the nitrogen, either remaining diflblved 
in the fluid, or being liberated through it into the atmo- 
fphere ; for the circulating blood confifls of red particles, 
floating in and dififufed through ferum and coagulable 
lymph. In natural refpiration, the red particles are ren- 
dered of a brighter tinge during the paflage of the blood 
through the pulmonary veins : and, as before feen, dur- 
ing refpiration, atmofpheric air is decompofed, all the 
oxygen of it confumed, apparently a fmall proportion of 
the iiitrogen loft, and a confiderable quantity of carbonic 
acid prodticed. 

Moft probably^ the whole compound atmofpheric air, 
pafling through the moift coats of the veflTels, is firft dif- 
folved by the ferum of the venous blood, and in it's con- 
♦ denfed ftate decompofed by the affinity of the red particles 

for it's oxygen, the greater part of the nitrogen being 
liberated unaltered, but a minute portion of it poflibly re- 

2 
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maining condenfed in the fcrum and coagiilable lymph, 
and paffing with them into tKe left chamber of the^ 
heart. 

From the experiments on the refpiration of nitrous 
oxyd and hydrogen, it appears that a certain portion of 
the carbonic acid produced is evolved from the venous 
blood ; but, as a much greater quantity is generated dur- 
ing the refpiration of common air and oxygen than dur- 
ing that of hydrogen in equal times, it is not impoffible but 
that fome portion of it may be formed by the combina- 
tion of charcoal' in the red particles with the oxygen dif- 

folved in the ferum. 
» 

Suppofing that no part of the water evolved in folutlon 
by the expired gas of common air is formed injmediately 
in refpiration, it will follow that a very confidei;able 
quantity of oxygen mud be conftantly combined with the 
red particles, even allowing the confumption of a certain 
portion of it to form carbonic acid ; for the carbonic acid 
evolved rarelv amounts to more than three-fourths of the 
volume of the oxygen qonfumed. Perhaps the ferum is 
capable of diffblving a larger quantity of atmofpheric air 
than of pure oxygen. 

It therefore appears that nitrous oxyd, when refpired by Obferva- 
animals, produces peculiar changes m their blood and refpiratioa 
in their organs, firft conncfted with increafed living ^^°{|*"""* 
a£lion, but terminating in death ^ that it is rapidly ab- 
forbed by the circulating venous blood, and of courfeit's 
condenfed oxygen and nitrogen diftributed in the bloo(J , 
over the whole of the fyftem. 

He could breathe nine quarts of nitrous oxyd for three 
minutes, and twelve for rather more than four, but could 
never breathe it in any quantity fo large as five. ' When 
it's operation was carried to the highefl extent, the plea-r 
furable thrilling about it's height about the middle of the 
experiment gradually diminiflied, the f^nfe of* prefllurc o^ 
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the mufeles was loft, impreffions ceafed to be percei^dj 
voluntary-power deftroyed, and the mouthpiece generally 
dropped from his unclofed lips. 

He ma'de fome experiments to afcertain the analogy 
that exifted between the fcnfible effefts of the different 
gafes, which are fooner or later fatal to life when refpired> 
- and thofe of nitrous oxyd. 

Hydrogen. Pure hydrogen had been often refpired by different phi- 
lofophers, particularly by Scheele, Fontana, and Rofier. 
Davy refpired four quarts of it, nearly pure, produced 
from zinc and muriatic acid, for near a minute; his 
lungs being previoufly exhaufted, and his noftrils taire- 
fully clofed. The firft fix or feven infpirations produced 
no fenfations whatever ; in half a minute his cbeft was 
oppreffed, which gradually increafed until the pain of 
fuffocation oblrged him to leave off. He felt no ^^di- ^ 
nefs, his'pitlfe was feebler and quicker, and his cheeks 
at iaft became purple. When the hydrogen was procured 
from iron and diluted vitriolic acid, he was unable to re- 
fpire three-fourths of a minute ; giddinefs and debility 
were produced, the pulfe feeble, and the fuffdcation 
greater than before. 

Kitrogen. , H^ breathed three quarts of nitrogen, mingled with a 
very fmall portion of carbonic acid, for near a minute; 
It produced no alteration for twenty feconds ; then the 
fenfe of fuffocation gradually came on, and increafed 
rapidly the Iaft quarter of the minute, fo as to compel 
him to. d'elift. The pulfe was feebler and quicker. - The 
head not affecfted. 

Hydro.car- Watt's obfcrvations on the refpiration of diluted hydro- 
carbonat by men, and Dr. Beddoes' experiments on ani» . 
mals by pure hydro-carbonat, pro\^ed it's effefts to be ' 
highly deleterious. Davy breathed for near a minute 
- three quarts of it mingled with nearly two quarts of at- 
mofpheric air, which had never been breathed fo little 
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diluted before. It produced a flight giddinefs and pain la 
the h^ad, and a momentary lofs of voluntary power. He 
then refolded to breathe pure hydro-carbonat : for this 
purpofe, he introduced into a fi!k bag four quarts of gas, 
nearly pure, produced from th^ decompofitioo* of water 
by charcoal an hour before, and which had a ftrong and 
difagreeaj)le fmell. After a forced exhauftion of the 
lungs, and the nofe being accurately clofed, he made 
three infpirations and expirations, The firft produced a 
fort of numbnefs and lofs of feeling in the cheft, and about 
the peftoral mufcles. After the fecond infpiration he loft 
^1 power of perceiving erUemal things, and had no dif- 
tinct fenfation, except a terrible oppreffion on the cheft. • 

During the third expiration this feeling difappeared, and 
he feemed finking into annihilation, and had juft power 
enough to drop the mouth-piece from his unclofcd lips. 
He w^as very ill and feeble after. He thinks it proves 
that hydro-carbonat afts as a fedative ; /. /. it produces 
diminution of vital aftion and debility, without previoufly 
exciting. He thinks four or five inf^:)ration3 inftcad of 
three would have deftroyed life immediately, without 
producing any painful fenfation. 

He attempted to refpire carbonic acid, not being then Carbo.jc 
acquainted with the experiments of Rofier .: he intro- ^ 
duced into afilk bag four quarts of well waftied carbonic 
acid, produced from . carbonat of ammonia by heat 
(which is in a high ftate of purity, and readily eftefted), • 

and after a complete voluntary exhauftion of his lungs 
attempted to infpire it. It produced a fenfe of burning at 
the top of the uvula. It was in vairi to make voluntary 
efforts to inhale it ; at the moment the epiglottis v/as raifed 
a little, a painful ftimulation was induced, fo as to clofe 
it fpafmodically on the glottis. Thus, after repealed trials, 
he was prevented from taking a fingle particle of carbonic 
acid into the lungs. 
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He tried to' breathe a mixture of two quarts of common 
air and three of carbonic acid, without fuccefs, it being 
nonrefpirable. He found a mixture of three quarts of 
carbonic acid with feven of common air to be refpiraj)le, 
and breathed it for near a minute. It produced a flight 
giddinefs and inclination to fleep. They however rapidly 
difappeared after ceafing to refpire it. Carbonic acid 
pofleffes no a£tion on arterial blood : hence perhaps it's 
flight tffeAs when breathed^ mixed with large quantities 
of common air. It's effe£ts are very marked upon venous 
blood. 

Oxygeo. The oxygen was procured from manganefe hy heat. 
In refpiring eight or ten quarts, for the firft two or three 
minutes, he perceived no efFefl:. Towards the end his 
refpiration became opprefled, and he felt a fenfation as if 
he wanted frefli air, though but little of the oxygen had 
been confumed^ In one experiment, when he breathed 
from and into a bag containing twenty quarts of oxygen for 
near fix minutes, his pulfe was not altered in velocity, 
but rather harder than before. He perceived no effects 
but thofe of oppreflion on the cheft. Watt had fufpefted 
that the effefts attributed to oxygen produced from man- 
ganefe by heat, in fome meafure depended upon nitrous 
acid, fufpended in the gas formed during ignition by the 
union of the oxygen of the manganefe, with nitrogen 
likewife condenfed in it 3 and in the courfe of his cxperi-^ 
mentB on nitrous acid, Davy feveral times experienced 
a fevere oppreffion on the cheft and difficulty of refpira- 
tion, not unanajogous to that produced by oxygen, but 
more violent ; which feems to confirm Watt's fufpicion. 

Nitrous gas. Being refolved to endeavour to breathe the nitrous gas, 
he introduced 114 cubic inches of it into a large mercurial 
airholder : two fmall filk bags of the capacity of feven 
quarts were filled with nitrous oxyd* After a forced ex^ 
hauftion of his lungs^ his nofe accurately clofedi he 
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made three infpi rations and expirations of nitrous oxyd 
in one of the bags, to free his Kings as much as poffible 
from atmofpheric oxygen ; then after a full expiration of 
the nitrous oxyd, he transferred his mouth from the 
mouthpiece of the bag to that of the airholder, and 
turning the ftop-cock, attempted to infpire the nitrous 
gas. In paffing through his mouth and fauces it tafted 
aftringent and highly difagreeable, caufcd a fenfe of 
burning in the throat, and a fpafm of the epiglottis fo 
painful as to oblige himimmediately todefift. After mov- 
ing his lips from the mouthpiece which he opened to in- 
fpire common air, aeriform nitrous acid was inftantly 
formed in his mouth, which bunit the tongue and palate, 
and inflamed the mucous membrane. He never intends 
again to attempt fo rafii an experiment. 

He frequently refpired nitrous oxyd mingled with dif- Moftciten- 
ferent proportions of common air or oxygen, and the Jf qimwi 
efFefts produced by the diluted ras were much lefs violent ^/^^ P™* 

^ -f o duces no 

than thofe produced by pure nitrous oxyd. They were deWjity. 
generally pleafant, the thrilling was not often perceived, 
but a fenfe of exhilaration was almoft conftant. 

Immediately after a journey of 126 miles, being much 
exhaufted from having had no fleep the preceding night, 
he refpired feven quarts of nitrous oxyd for near three 
minutes. It produced the ufual pleafurable effefts. He 
continued exhilarated for fome minutes afterwards, and in 
half ail hour found himfelf neither more or lefs exhaufted 
thjin before the experiment : he had a great propenfity to 
fleep. He repeated the experiment four or five times the 
following week w ith the fame efieft. He had experienced 
no decifive exhauftion after the excitement, although he 
was ftill far from being fatisficd it was unanalogous to 
ftimulants in general. 

It occurred to him, that, fuppofmg nitrous oxyd to be 
a ftimulant of the common clafs, the debility prodi;ced 
in confequence of exceffive ftimulation by a known agent. 
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ought to be increafed after excitement from nitrous 

oxyd. 

He therefore drank a bottle of wine in large draughts 

in lefs than eight minutes (being accuftomed to drink 
only water), which intoxicated him. Having remained 
in a ftate of infenfibility for two hours and a half, he 
awakened with head-ach and painful naufea. His bodily 
and mental debility was exceffive, and Ms pulfe feeble 
and quick. He then refpired twelve quarts of oxygen for 
nearly four minutes ; and he fuppofed he was fomewbat 
exhilarated. The head-ach and debility 'ftill continuing 
with violence, he refpired feven quartstof pure nitrous 
oxyd for two minutes and a half* He was uncopfcious 
of head-ach after the third infpiration, and was exceed- 
ingly exhilarated. The next morning he was well; This 
proves that debility from intoxication was not increafed 
by excitement from nitrous oxyd. 

To afcertain with certainty whether the moft extenfi?e 
a£lion of nitrous oxyd compatible with Kfe was capable 
of producing debility, he refolved to breathe the gas for 
fuch a time and in fuch quantities as to produce excite- 
ment equal in duration, and fuperior in intenfity, to that 
occafioned by high intoxication from bplum or alcohoK 
To habituate hinifelf to the excitement> and carry it oA 

I 

gradually, he was encloTed in an air-tight breathing box 
of the capacity of 94: feet. Taking a fituation in which 
he could, by means of a curved thermometer inferted 
under the arm, and a flop watch, afcertain his pulfe and 
animal heat, twenty parts of nitrous oxyd were thrown 
into the box ; the fmell and tafte were immediately evi- 
dent. In four minutes he felt a flight glow in the cheeks 
^ ^and a diffufed warmth over the cheft, thoUgh' the 
temperature of the box was not quite 50^ ; his pulfe 
was 104 and hard, the animal heat 98°. In ten mi- 
nutes the animal heat was near 99^ j in a quarter 
of an hour 99.5'-', and ^the pulfe 102, and fuller than 
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before. Twenty quarts more were now thrown into the 
box, and well mingled by agitatioh.^ In twenty five / 

minutes the animal heat was 1CK>°, pulfe 124t In thirty 
minutes twenty quarts more were introduced : his fenfa- 
tions were exhilaration, a generally diffufed warmth, and 
a difpofition to miifcular motion and merriment. In three 
<juarters of an hour the pulfe was 104, animal heat not 
99.5°, the temperature of the chamber was 64, the plea- 
-furable feelings increafed, the pulfe fuller and lower; and 
in about one hour it was 88, and the animal heat 99*. 
Twenty quarts more were admitted. . He had now a 
•great difpofition to laugh, Juminous points pafled before 
the eyes, his hearing more acute, and a pleafant light- 
nefs and power of exertion were felt in his mufcles. The 
fymptoms then became ftationary, refpiration rather op- 
preffed, and from tfce great defire of aQ:ion reft was pain- 
ful. He now came out of the box, having been in pre- 
cifely one hour and a quarter. 

He immediately began to refpire twenty quarts of pure 
nitrous oxyd; a thrilling extending from the cheft to the * 
extremities was almoft immediately produced; his plea- 
furable fenfations increafed, he loft all connexion with 
external things, andheexifted in a world of newly con- 
i\e<9:ed and newly modified ideas. When awakened from 
this femidclicious trance by the bag being taken from his 
mouth, indignation and pride were his firft feelings at 
fight of thofe around him ; his emotions were enthufiaftic 
and fublime. Three jninutes and di half had only elapfcd 
during the experiment, but, from the relative vividnefs of 
the recolleftcd ideas, it appeared much longer to him. 
Not more th^n half of the nitrous oxyd was confumed. 
After a minute, before the thriU'mg of the extremities had 
difappeared, he breathed the remainder. Similar fenfa- 
tions were again produced ; he was thrown into the ploa- 
furable trance, which continued longer than before.- He 
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aeriform combinations of nitrogen at temperature 55^ 
and atmofpberic preflure 30. 
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jinimaltzation. This is a procefs whigh the animal jAnimaiica* 
machine makes ufe of to convert vegetable matters taken 
into the ftomacb for the fake of nutrition into ^yiali 
matter; and "ajfimilation is the tranflatiofl of alimentary A^iia* 
fubftances, whether produced from the vegetable or ani* "°"* 
mal kingdom, Into fucb a date as tenders them fimilar to^ 
the different parts of which they are to become a;Coaft^^, 
tuent part. z s T'. 

Thefe proceffes are fuppofed to be brought about by 4 Suppofed to 
diemical a6lion 5 and perhaps amongft all the operatiofiB^pweto. 
which take place in the animal economy, there is no one 
tim itfemblei the chemical adioft niore than that whicfr 

OS 
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brings about the fucceffivc. changes aliments undifgf, 
from the inftant they are received into the (lomach to the 
period at ^liich, after having traverfed the organs of fe- 
. fpiration, they only form a part of one homogeneous 
fhiid, the.blood, in the fyftem of circulation^ which isdc- 
ftined for the nouriftiing and the repairing of the different 
parts of the animal body.' This converfion of aliment 
into an animalized fluid, afterwards deftined to form th« 
various folids and fluids, is undoubtedly one of the mod 
beautiful, Angular, and interefting fiibjefts the living 
animal machine can ofler to the invefl;igatioix of the che- 
■ mical phyfiologift, and is one of thofe which has always 
appeared to philofophers the moft myfl;eriou^ to conceive, 
and the moft Intricate to unravel, of any of the operations 

* 

that animal life prefents. 

It is but a few years ago fince it was even forefeen that 
the fcience of chemiftry would ever be able to furnifli any 
thing that could explain the operation of this' funftion, 
by which the fucccflive and uninterrupted reprodu«Stion 
of all the parts of the body is brought about. It was 
neceflary that the nature of the atmofpheric air (hould be 
/ underftood, the office of refpiration be known, and the 

analvfis of animal matter and it's efleiitial difference froni 
vegetable matter fliould be clearly indicated ; thefe points 
being once determined, there was much lefs difficulty iu 
concluding in what confiftcd the aflimilation of aliments, 
and this has been cfieflied by the new fyflem of chemi*ftry; 
but it will be neceflary firft to give an account of the idea 
the defenders of the old fyftem had conceived of anima- 
lization, in which phlogifton formed as ufual a confpi-- 
cuous part. 
Opinion of Ker, the ingenious author of the Di6lionary of Che- 
^*''^* miftry, appears to have formed his idea of animalization 

from Macquer, who confidered the converfion of vege- 
table matters into animal to be principally effeded by 
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means of a fernicntatioH, or the beginning of a long an3 
unobfervable pulrefa49:ion, and which originated in the y 

conjeflures of Hippocrates and Empedocl^s. 

This cheniift has, however, greatly enlarged the plan^ 
and improved the hypothefis of his predeceflors. He is 
of opinion, that when vegetable fubftances are received 
as food into the bodies of animals, the changes they un- 
dergo, and elaboration they fuffer by ihe animal powers, 
is a chemical procefs, which procefs appears to be a con^ is an inci- 
iinualfy commencing putrefatiion^ continually checked and f^^^iQn, 
fuhdued. The figns of this commencing putrefaSion, he 
affirms, are the expulfion of fixed air, the black colour 
the venous blood acquires, the more difengaged (late of 
phlogifton in animal bodies than in vegetables^ whence 
they receive their food^ 'their greater putrefcencv, their 
difpofition to give in great quantity volatile alkali by 
diftillation, and phlogifticated air by addition of nitroiis 
acid, which fubftances are known to be produfls of pur 
trefailion. 

This putrcfcency, however, appears to be confined 
ivithih limits, during life, contrary to Ifhe known ten- 
dency of animal matters deprived of life, which haften 
rapidly toputrefaftion^ that the vital counterafiling caufes 
by which the natural tendency of animal matters to pu- 
trefacSlion is continually checked, is owing, in fome mear 
fure, to the frequent indigeftion of frcfli food, efpecially 
of vegetables 5 but as many animals are known to live folely 
on animal food, and this often in a putrid ftate, whilil 
they enjoy health and foundnefs, there muft be another 
principal caufe to be equivalent to fo great and uniforn:i 
an effect, which this chcmift affirms to be \X\q ahforption 
of air by the lungs. It is obferved, that the. expulfion of 
pure air in the form of fixed air, and of a difengaged 
phlogifton in the form of inflammable gas, are the moft 
^:04ifideral)Ie phenomena in refpe£t to quantity aud ^^x^^x 
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I10D5 which appear in the putrefactive proceTa., In ibe 

fame manQer, the expulfion of pure air in refpiratioDi in 

the form of fixed air^ and the conlequent predominaiicy 

Difenme gnd difengagement of phlogifton in the bodjr, is the ac* 

fDMit 01 

JOc^iton* tual date of the animal procefg. If .this predominant 
phlogifton were not conftantly combined with the pure 
ftir^ which is abforbed by the lungs in refpiration^ it 
would proceed as it does in the putrefa£iion of njatters 
not in living animali, Le. it would form inflammable 
gas, and phlogifiicated air, and aS: as a ferment in faaf- 
lenipg the putrefactive di0blution. The very remarkable 
ffieft of inflammable gas in promoting the putrefadioa 
of animal bodies immerfed in it, is (hown by an experi- 
ment defcribed by Sage in the Mem. de I'Acad. Roy.des 
Sc. a Paris, An. 1784; and although it is probable the 
dhfengaged phlogifton would, if not combined with in* 
ipired pure air, ocoafion death by fome immediate a£tioa 
Ob the nervous fyftem, yet the livid hue obferved in. men 
in'Af^yxff or fuflbcation from foul air, (hows that the 
-blood fuddenly fuflers a chemical alteration. 
jPutrefcenqr. pm^ ^jf fheoy according to Ker, is no fooner abforbed 

oppofeii by .... © *• ^ 

puris air. ihau It gives immediate figns of countera£);ing the firfi 
indications of putrefcency, which appear in the dark 
colour of the blood brought into the Iung$, by inftanta- 
rieouily changing this colonr to a vivid hue. This change 
of colour from a dark red or black to a florid red, exai^ly 
correfpoiids with the known eflcfts of the different fluids 
upon tlie colour of blood. For a dark liv^d colour is pro- 
duced by expofing blood out of the body to inflammable 
gas, fixed air, or phlogiflicated air, and a florid red hue 
is given to blood by pure or atmofpherical air. The exr 
iperiments which h^ve been made by expofing blood to 
pure air, befides prove, that this fluid has a rjemarkable 
power of abforbing this air. Putrefying fubftances have 
tba f?Lmt power} for Dr, Priejlley obftrvcd, that thsjr 



ANIMAXISUTION. ^I^ 

diminiftied the bulk of* the mafsofaii'td which they wete 
^xpofed^ notwithftanding fubftuices *iA that ftate emit 
fixed air and inflanimable gas^ It is by means of this ^ 
conftant counteraftion of the putrefcency of thtft blb<>a, 
according to Ker, that opportunity and time are gfvth ' ^ 
for rarious other gradual changes, combinati<ki8^ aiklPonpatioa 
decompoiitions to take place 5 in confequence of Whith part*, 
changes the different animal fluids may be fuppofed t(> ke 
formed. Thus he oonjeftures the red part of the blocd . 
Is firil formed in a great meafure from the chyie^ bo^ 
being of an oleaginous nature; but with this differMd^, 
that the oily matter in the chyle is Imperfeftly mixed, 
and confequently gives the ufual opake wbitetiefa Aifat- 
tures of oil and water generally exhibit; wbenBS^tbevil 
in blood is more perfe&ly comb'uied with earthy imattsl, 
probably by abforption of pure air in refpiratipeu yc jtiiiiy 
be remarked, that thefe two animal liquors, the ci^yie<a^ 
the red bloody contain particles vifible by memsuijf the 
microfcope. But a more conclufive 6peraticvr has; baea* 
taken notice of, viz, thatone of itReTi^oft immediaiie 
cflfefts of famine is to dimi<ii(h the proportion of the red 
blood. The fuperfluous oil of the chyk-is feparated aid 
depofited in proper cells, without 'iundergoingi mucK^al- 
teration. For the tallow of animals which live oavege-» 
tables retains the properties ofrvegetable oils^ particularly 
that of msikmghard foap with minei'al alkali; whereas 
the greafe of carnivorous animsds, and the oil.of fifh^ iean 
altered by the animal procefs, and are capable only of 
making a fo/ter foap. The red particles of the blood, 
having a fufficient proportion of phlogifton in their comw 
pofition, are more difpofed than the other parts of the 
blood to putrefcency : accordingly, as their phk^floa 
gradually leaves them, principally to form the fixed air 
extricated by the lungs, their proportion of the other ele* 
meats increafes^ /• e* they are gradually reidved into a 
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- <x)nipQUixd containing lefs phlogifton^ but niofe eartliy 

water, and;f^ir; which compound this chcmift concmes 
jo be the coagulable part of the ferum^ v^hich bdng 
foluble in water, mixes with the watery particles received 
with th< foodj and forms, the ferum. In confcquencc 
of the dephlogidication of the red blood, by which it is 
thus fuppofed to be converted into the coagulable matter, 
this matter poflcfles Icfs putrefcency, has even fome 
^ccfccnt tendency, and when diftilled, leaves a more 
earthy and lefs inflammable coal. Some particles of this 
matter are defifcr and more eafily coagulable than others, 
and thofe which coagulate with the leaft cold, have been 
called the fibreus part of the blood, and are found to in-» 
velop the red particles, when blood let out of the veins ia 
copied.. As this matter is thus formed by the decompo* 
fitionoftbe red blood, in the circulation, the more the 
force of the circulation is incrcafcd, the more the parti- 
cles in the blood will be agitated and brought into contaft;! 
tlie more this decompofition will be accelerated, and the 
larger quantity of this coagulable matter will be formed, 
a crood deal of which will be of the dcnfer kind, till- the 
continuance of the fame caufes rcfolvcs it into other fluids. 
Icfs dcnfe. For this matter alfo, according to this che- 
mift, although lefs putrefccnt than the red blood, never- 
thelefs undergoes gradually it's peculiar changes and de- 
compofitions, by which more of it's phlogifton is evolv- 
ed, and. the remaining elements, earth, air, and water, 
• being in greater proportion, approach more to a faline 
ftate, and at laft arc excreted principally in the form of 
phofphoric falts, with bafes of calcareous earth, fixed 
and volatile alkali ; whicli accordingly appear in the 
urine and other excretions, efpecially after an incrcafed 
circulation. As the changes of the blood are pro?refl[ive, 
the juices muft, at diflercnt times, alTuine a variety of 
farms, and in thcfc different ftatcs, .they n\ay be fecretcd 
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•by organs fitted for theif peculiat reparations by the di- 
verfity of the diameters; of the fecretory veflels, as foiiie 
authors have cdnjeftured with much plaufibility, or 
other appropriated mechanical ftrufture. ' 

The giuun of the flour of wheat feems to be fimilar to 
the more denfe coagnlable matter of the blood in it's tex- 
ture, it's degree of folubility in water, and in the produfts 
it yields by expofure to diftillation, viz. volatile alkali and . 
phofphorus. In fome animals, as the teftaceous, 1 part- 
of the earth in tl^eir compofition is entirely feparated from 
the other elements, and appears in it's proper ftate, 
forming together with fome portion of aniinal gluten the 
fhells of thefe animals. A fimilar kind of glutinous fubr 
fiance is formed by the ' fpontaneous decompofition, to 
which oily vegetable acids^ as cream of tartar and com- 
mon vinegar, are fubjeft. ' The tenaceous cruft then 
formed pofleffes the fame texture and chemical qualities 
as animal or farinaceous gluten. Laftly, the ca/eous Xi2Lrt 
of milk pofleffes the fame properties. In^ thefe feveraj < 

animal and vegetable glutens, the earth appears to be the 
prevalent element in the compofition, and their forma- 
tion feems to conftitute one of the more advanced ftajres 
in the gradual changes which take place in organic bo- 
dies. Such is the opinion of this learned chemift re« 
fpe<9:ing the procefs of animalization. 

The newdoftrine of ch cm i dry, To inimicsd to the phlo- Opinion nf 
giftic fyftem, has equally changed the method of ex- '^ 
plaining the phenomena of animali^ation, as well as ' 
that of other proceflTes, and has fubftituted in it's place a 
theory that is much better fuited to the fafts^lhat have 
been collefted upon that vital fun6lion, and to the ana- 
Jyfis of the fiibfl^ances that are it's obje6ls, than what 
could have been done by the old theory. 

From the experiments of Berthollet, we are indebted 
for the clifcovcry that it is principally by the prefenpe Of 
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azot thai tbe matters of the aninlal kitfiddm-difii^^fiNi^ 
. the vegetable ; it is therefore ncceflary firft to knogi^j^ 
explaming this fubjed, by what meai^s atdot it fSxxni 
more abandantly in animals^ and this b^iiig ence -'Mf- 
caounted for, will form the bafis. of our ktiowtedgft '^ 
animafization. It may be eafily conceived that tbe drfll- 
colty of acquiring this knowledge can only relate' to tbefc 
animals that live on vegetable matter, fof the ori^h or 
the fource of that principle in thofe aniniaTs that- ^<i'i6ii 
the fame food as themfelves are axoEipoM^fj L ^v4)b 
animal food^ needs no inveftigation. 

For tbe attempt to explain the fiindion of anu 
tion upon antipblogtftic principles, ^ive ar^ « 
)F{a]Ie, who has colleAed a number of new truths A^ 
the labours of modem chemtfts^ and formed a. tlfeofy<<tti 
the influence of the air in the op^ittoil bjf whitth )lle 
aliments are converted into animal fubftaiice^i; - • - '-f^^^'^ 
Having introduced bis fubjed with fome aeooutit^cif 
the anal^ies that fubfift between ve^able'and' inmiitl 
matters, particularly between vegetable gslatin, and glu- 
ten and animal gelatin, and fibrin, which are the pfki^ 
cipal parts, and thofe which form with the phofphatQ:^ 
lime the mod univerfal bafis of animal folids ; he-goes Oft 
byobferving,that there is a char^fter of refemblamcemisch 
more important, and for the knowledge of which We are 
principally indebted to Berthollet. It is, .that all vege- 
table and animal fubftances ferving us for food, and all 
Analogy of thofe compofing our own folids and - fluids, except a 
y*^i,ptabie vcry fcw, havc one common bafis in their compofition, 
?ubUM*^*^ which is differently combined, according tc^ tbe diverfity 
of tbefe fiioftances, and which is fufceptible^ of changing 
their combination by a great number- o£ different^ opera^ 
V tions. This common bafis is that of the oxalic acid, /. /♦ 
that iubftance which combined with oxygen, the princi- 
^ojnn,ou pie that forn^s acjds, gives rife to the acid;, formerly called 



AinMAUSATIOir. 

faethMrim aeiJ^ but now kaowa by the name of txsEchzfin, tta 

• f oxalic add. 

This bafis is that of all nutritire fubftanoes in generid. 
The faccharine matter, the mucilage, the £i»ula, the 
gelatinous and mucous joices of vegetables, the vegetable 
gluten, a great number of vegetable acids, andlikewife 
All animal mucikgea; their jellies, their fibrous part, 
their albuminous fubftance, and the cafeous part of milk, 
have all of them the fame principle for a bafis, which is 
that of the o;^ic acid. This is proved by the nitric 
acid. 

. Likewife, Uieftit oila of vegetables, the. butters, and 
the animal fats, the analyfis ef which does not aflbrd ex- 
^Sdy the fame ^efult, appear^ ai9 is attefiedby fevetil 
pbesonaenaof tbea{)iipaleconomy» to be capable of be- 
ing transformed 'mi,9 ^it bafis, and from the knowledge 
that has been aoquii^ on the fUie of this ifolated. oocalic 
J>afis, there is reafon to pfefumc, that if.there.be ilot a 
perfeA identity between it and thet&titnls^ there is only 
s^ .difference in the combination/ thfetsature. of which. 
Lavoiikr appeal's to have nearly deteixnined: this chemift 
'flUTerts, that this bafis, as well as the oils, is formed. of. 
hydrogen and carbon, but both in the ftate of oxyds, end 
livbich ccnfequently is the point of refemblance between 
jJl fubfiaAces capable of afibrding^ nounfhment. 

Such is the analogy. As to the difference, we arcDj^g^n^, 
indebted for this part of the analyfis to Berthollct, who, ^^*^ 
purfiiiag the fteps of Bergman ^and Scheele, has been 
V able to demonilrate the different principles to which the 
oxalic bafis is combined^ both in animal and vegetable 
fubihinces^ whilft Fourcroy has likewife contributed to 
augment the knowledge tfaia imTOnani analyfis has jpro? 

- 1 k ♦^ 



Tii» oxalic . i|. ig dcmonftratcd by the labours of tbe above ch«mift. 
bmedwith that in all thefe fubdances^ the oxalic bafis^ without 
vegetables, changing it's Baturcj is more particularly combined with 
wiibaiot tB^o different principles. 

w animal?, ^ . . . 

1« With the principle of charcoal or carton, 4ba 
fame which^ when, combined with the bafis of vital 
air, forms carbonic acid. 

2. With one of the conftituent principles of vo- 
latile alcali, or azot^ which forms the bafis of azot 
gas. / ^ ^ ^ 

The firft, or carbon, is more abundant in vegetable fub- 
fiances ; the fecond, or azot, is found in greater propor- 
tion in animal fubftances. Thofe which contain car- 
bon in great abundance, and little or no azot, are like* 
wife thofe which in their fpotitaneous decompofition 
give early figns of acefcence } thofe, on the contrary,' 
which contain a great portion of azot, become fuddenly 
alcalefcent. 

Thus when vegetable fubftances become animalized^ 
^nd when our aliments, which are in general lefs anima-r 
Hzed, than ourfelves, are affimilated to our own 
Jubftance, it may be faid the change which then takes 
place in them confiils for the mod part in their oxalic 
bafis combining with a greater proportion of the bafis of 
azot ga^<?, or ^zot; whilft on the contrary, it lofes a 
part of the principle of chancoal, or carbon, to. which 
it might be united : on confidering, therefore, that on 
analyfis, if either the one or the other of thefe princi- 
. pies be feparated from the oxalic bafis to which they are 
united, the combinations into which they pafs, almoft 
always give rife to fome elaftic fluids ; it will be readily 
congeivid, howmuch the confideration of thefe fluids 
\n the- animal economy ought to attra<9: the attcutioj^ 
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^f {)hyiiclaftj$, and how it may facilitate the knowledge 
of the moft important phenomeila of our iiin£kipns4 
Halle having colnpared, in the manner dbove itten^ 
' tioncd, the different fubftances that enter into the com^ 
pofition of our aliment}?, and into that of our organs, 
which he calls the firft order of fafis, continues the fub* FiHV ana 
je6l by the fecond order of fafts, comprehending , ^l^^^^l^ 

1. The ftate of the elaftic fluids contained in the ali* 
tiientary cailal. 

2. The changes the air undergoes during refpiration. 

3 . The alterations it undergoes in it's contaft with the 
ikin. 

With refpeft to the firj}. , This chemift informs us, 
the obfervations which Jurine of Geneva mad^ on the 
Aate of the elaftic fluids contained in the inteftinal canal^ 
were formed from fome experiments made on a ftrpng 
hearty perfon who had died fuddenly during a cold night; 
and which were compared* with thofe the difleftion of 
(everal other bodies offered, under different circumftatices, 
but who died in ffood health. . • 

' Thefe experiments prefent thefe remarkable refultij 
that of the elaftic fluids contained in the inteftinal canal, 
1 . The refpeftive proportion of vital air always diminiftiet 
progreffively from the ftomach to the great inteftinei^* 
^, The refpeftive proportion of azot gas always increafes 
progreflively from the ftomach to the great inteftines : 
3. The proportion of the hydrogen gas in general aug« 
ments from the ftomach to the fmall inteftines, and di^ 
xniniflies from them to the great inteftines : 4, The pro- 
portion of carbonic acid gas is the moft variable of all in ' 
different fubjcfks; it was very ftrong in the ftomach of the ' 

fubjeft that died fuddenly, but very weak in the reft of the 
inteftinal canal : 5. Itappears that there exifts a littlealca- 
line ox ammoniacal gas m. the canal of the laft inteftines* 
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Such is ihe refult of thefe ezpenments^ made hy Wtot 
. water and the nitrons gar. 

With TtSpeSt to the fecmi, it was racnarited by Pricft-" 
ley,' that refpiratioii produced asot gait.' LaToifier atid ' 
de la Place proved^ that during that procefs^ carboiuc; 
acid gas was formed at the expenfe of the vital' tar/ 
and the experiments were repeated by Jurine. Heb^'* 
it appears that refpiratioii ahers the atmofpherib air ik' 
three manners. 1. The portion of viyj «r, wh'icfe- 
makes a little more than ode quarter of this fluid, is fenfi« : 
bly diminiflied. S. Carbonic acid gas is feimed \£\ 
proportion to this diminution of vital air** 3. A niE#'* 
quantity of azot gas is formed, which ought not ip peaf- " 
tributed folely to the change in proportion between tfic 
two confiitntat parts of the atmofpher^ bufwhicK i^' 
in reality, an additional quantity* Thele alteriuboQS m/ 
the refpired air do not all take place in the fame infiiml' 
of time. The two firft, which are ablblutely fimulta^ 
neoiis, firft Cake place, as they depend entirely upon each 
other. When the portion of vital air in the rofpirabk 
^ air diminifhes, the quantity of carbonic acid produced by ' 

refpirktion diminiflies llkewife ; but on Ihe contrary, 
the difehgagement of azot gas progreffively increafe% 
and augments the more, as there is lefs carbonic acid 
formed, fo that the firft portions of vital air appear to 
be employed in difengaging the carbonic acid, whilft the 
laft are difenga^ng the azot. This effeA not only takes 
place in the ordinary atmofpheric air, which naturally 
contains more than two thirds of a^ot gas, it equally 
takes place in vital air, where the produdioa of azot 
gas can only be the produd: of refpiration. It has like- 
wife been obferved, that in the adion that finiihes di^ 
geftion, therefpiredair r^eived a greater proportion of tar- 
bonic acid, and on the cmtrary^ in the action of fever,it 
received a greater proporuon of a^ut gas. 



tiaftly^wUIx refpe^ lo the thirds Jurine has put it oqt 
^f all doubt^ that during the eonU& of the ikia with the 
external £ur^ carbojiic acid is formed^ and that more is 
formed in proportion to Uie greater a&ivity of the func- 
tions of the cutaneous organs. When the experiments of 
Jurijie are compared with the manner in which Ingen- 
hpMfz made his obfervations on the fame fubjed^ it is 
eafily perceived how the refults obtained by thefe two 
philofopbers may be perfeSLly reconciled, and upon what 
the difierence depend^ that exi(U between their c^onclu- 
fiens. It is evident that to the manner in which Ingea- 
houfz n^adabis experiments the difappearance of the car- 
bonic acid was owing, 

3« Halle, after having thus cited the above general fa^, Coofc 
lays down the confequehces refpet^ing the affimilation of ^^^^o^^ 
the aliment. He obferves, that after having remarked, ^"^ 
tl(^,the oxalic bafisj the common principle of aimoft all 
nutritive fubftances, as well as of thofe that compole 
our organs, is principally combined, in the one, with the, 
bafis of carbonic acid or carbon^ in the other, with the 
bafis of azot gas, or azot, and that the proportion of this 
laft formed one of the principal charaders of auimaiiza* 
tion ; the next circumftance is to confider the manner of 
thiSr reparation. 

It is well kqown there are different ways of feparating 
thefe tw6 principles from the oxalic .b^ with which they 
are, united, whether, in our aliment^ or in our organs. 
That this feparation is principallyv brought about by the 
acid of bodies containing the bafis pf vital air, viz, oxygen. 

In the common chemical analyfis of fabftances the se^aratir-n 
nitric acid is ufed to furiiifh t^isba^s.witb more facility. ^^^^ ^' 
Iip: the. grand pp^ationsi or n^ur^ it lajturnilhed by the by oxyg<:B. 
atmofpheric air, ;^od ,by wa^n ,. iiVherevcr it is the at- 
/ **^ofpheric ^ir that difengages the cjarbon,, carbonic acid is 
formed, or if it difengages.tbe a^p|j^azot gas. Whenever 
. It is water that furniihea the bafis of vital air, hydrogen 



gas is difengaged ; and whereter hydrogen Is difengaj^ It 
at the fauie time as azotj and combines with it^ ammoni |t 
or volatile alkali is produced. 

The reparation being well underftood^ the next til tft 
> examine what pafles in the human body* 
l»roportion j^ j^^ inteftinal canal the proriortion of vitil air di- 

of vital air • 

fn the intef- miniflies fucccffively from the fiomach to the extremity 
of the intedinal canal^ and at this extremity there is no 
trace of it; thus the vital air, or it's bafis oxygen^ forms 
combinations in this pafTage^ and what is the cdnfe 

it'sc^mibi- quence? 

In the fiomach, where the aliments ftill poflefs their 
former properties and mix with the juices, of the nature 
of which there is much incertitude, a portion of -carhcnk 
acid is difengaged 3 the principle, carbon, that uniteswitk 
the vital air to form this gas, appears to come from the 
aliment, and if the proportion be not conftant^ it atifes 
from the aliments not always being the fame* 

In the fmall inteftines into which the bile, one of the 
known humours that carries the nioft evidently the animal 
charafter, flows with fcveral other fecretions, and 
where the aliments, intimately penetrated with thefe hu* 
niours, form a very liquid mafs, azot and hydrogen gafes 
are difengaged. One part of the matters contained in this 
canal being of the number of thofe that contain the bafis 
of azot gas or azot, may confequently give rife to the eif- 
tjication of the azot gas, and thefe fame matters fortning 
a heated mafs and in a liquid ftate afe the heft adapted to 
bring about the decomix>fition of the water. The water 
being thus deconipofed gives rife to inflammable gas, and 
at the fame time furniflres the mafs of animal juiced and 
aliments with a portion of the bafis of vital air or oxygen, 
which forms a combination whrlfl the azot efcapes. 

Laftly, in the great inteftines, where the excrementf- 
tious mafs, by it*s odour and produ6lfe, annonnces the 
j^nimal charafter, the quantity of azot gas increafcs, but 



th^ tn&immable gas diminiibia a little* either becaufe 
the mattei^ being lefs liquid favour lefs the decompofitibn 
.df water^ or becaufe a part of^he ^kydvogea cbmbined 
With^lhe azot forms ammonia 4>r ailkalinegasif oatba 
contrary, in certain diarrhoeas, tboi^i' let. Idolb' from the 
rd^um bearing an hepatic ddour, b^a proof that a very^ 
large proportion of falphurated bydroga:i gas.iaibrmed 
in the great inteflines* fiuttbeTe' matters beiiag thcu 
more liquid, the decompofition of the water continues to 
take place beyond the fmall inteftihes. 

Thus in the alimentary canal the vital air, whether it 
be free and ariiing from the atmbfpheric dir fwallowed 
with. the aliments, or difengaged afterwards by the de» 
compofition of water, combines both with the animal 
fecretions and with the aliments confounded with them 
i]\ihe intefiinal canal, and at firft feparates from the ali« 
mentary matters a portion of their carljon, with which it 
unites to form the carbonic acid,^ afterwards difengaging 
azot from the inteflinal fecretions, it favours it's combi^. 
nation with the alimentary matters, that receive it in lieu 
of tjbe carbon, a portion of which they have loft. , In this 
manner the aliments that nourifh us commence their in*, 
cipient animalization, the degree of which, Halle is of 
opinion, might be eftimated, if the nature of the chyle, 
which is the refult, was perfeftly underftood. 

4. Conclufion. It appears therefore to this cbemical.Conclufiom 
phyiiologift, from wliat has been above dated, that a 
great part of the procefs producing the adimilation of 
aliments, \% performed in the inteftinal canaly in tlie organs 
of rejfirationy and upon the furface ofthe.Jkir^^ That in 
thefe three organized parts, the atmofpheric air, and par- 
ticularly the vital part of this air, is the principal inftru- 
ment of the coi^binations by which the affimiiation is 
brought about; that it probably 2&% by taking away 
from the alimentary matter a portion of it's carbonie 
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principle^ dxti by ftcilitating it'i» combinalion with ifie 
overplus azot of the aniinal humours^ and jcfxokq^&ff^iijf 
tbatinthisi common^pentioo^ thQ^j^eieiitiQa gf wbidi 
* u divided between three ^ibent organs, Imt foimd^ ki 
all upon thft fame priociples^ a reciprocal cliapge ujfx$ 
place at the fame time^ as well in the fubftance of tlm. alir 
ment as in that of the animal humours ; by wiHch. die 
one being animalized> and the others lofing, as it weit^ 
the excefs of their animalizadon, all of them are brQugbt 
to the fame point, and appear mnlually affiliated, 
ImpeHec- f his cheniift, in delivering bis theory to the worhl^ does 
dieory. not prefvme to thinly that it expliuas the fosmation o£ all 
the prodtiAs of animal affimilation, he alloiKSy it neither 
account^ for the proda£tion of th^ phoipboric ladta^ no^ 
Ihat of the fat matter analogous to fpennaceti, found by 
Fourcroy in the Kver and bile ; nor does it explain the aian-^ 
ner in which the other animal products are modified, en 
which modern chemiftry has at prefent caft no light; hence 
k is incomplete. Such is the manner by which Halle has 
attempted to explain the mechanifm of the affimilaticmof 
s^iments, and of the change they undergo in their na* 
ture, and in which it is to be obferved, that although he 
has made ufe of the difcoveries of Scheele, Bergman, 
I-avoifier^ Prieftlcy, and Berthollet, yet he is one of the 
firft that has embraced fo great an extent of operatioiis 
at the fame time refpe6ting the animal funGtiosHy and 
that it was impoflible from the pre&nt ftate of fa&s, tha^ 
fo difficult a problem as that oS animalization cojubi be, 
refolded by the few materials? he was in pofie^oi^ of. 
Obferva- Fourcroy, who bad perhaps a better opportunity of 
Fourcroy becoming acquainted with faft^ than Halle, and who 
i»pon It. had the advantage of later difcoveries, has made feme 
reftriftions and obfervations upon the hypothefis of the 
latter. He thinks it neceflary to obferve, that in refer- 
ring all fubftances compofed of the vegetable and animad' 
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Icmgdotti Id What Halle ealls the dxalic bafis or ixnSc raihi 
catj this |3hi1ofopher could only have in view the fixing 
^ ftrikmg analogy between all* fubftahces ; but as th« 
confidering of it in this light without fome niodificalion^ 
might lead to errour^ it is ireceffaiy to explain how &r the 
truth is able to carry us* 

By the oxalic bafis or radical fa underftobd a matter On tht firft 
tjompofed of hydrogen and carbon, which when united ^'^* 
^ith a large proportion of oxygen, gives rife to the oxalic 
acid, and which plays the fame part in this acid as ful- 
phur, phofphorus^ charcoal, or arfenic does in the ful* ^ 
phuric, phofphoric, carbonic, and arferiiti acids. If all 
animal and vegetable matters can be confidered as the 
oxalic bafis, it can only be as containing the cdrhoHat^d 
hydrogenous combination conftituting this bafis. But it 
Would be erroneous to fuppofe that this carbonated hydros 
gen is equally compofed, as to the proportion of thefe two 
principles, and confequently equally ready to form the 
oxalic acid on the additioh of oxygen, in all thefe mat* 
ters. 

The combination of hydrogen and of carbon that fohns 
the general bafis of organized fubftances is not homo* 
geneous in all of them ; it differs either in the proportion 
of one or other of the primitive principles, or in the 
addition of a greater or lefs quantity of a2ot> or laftly, ih 
the proportion of the oxygen it already contains; hence 
to be converted into oxalic acid, it is not fuflficient con- 
ftantly to add oxygen and an ec^fual quantity of oxygen lo 
it. For the one it is neceffary that a certain proporliod 
of hydrc^en or carbon be difengaged, according as tbt 
one or th« other exceeds the quantity that ought to fbrm 
the true ojfalic radical 5 for the other to difengage apot*- 
tion of thcfe two principles ; for a third order of thefe 
fub fiances to take away or Separate at firft the azot that 
doty not appear to^ enter into the oxslie acid; Tbui, 
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when by means of the nitric acid, the gums^ fugar, jor 
flarch, are converted into oxalic acid, much carbonic 
acid is difejigagcd, bccaufe thefe matters contain much 
more carbon than is neceflary for the oxalic radical; 
when by means of the fame nitric acid the fame procefs is 
applied to the oils, butters, fats, refins, &c. , a great deal 
of hydrogen and carbonic acid gafes is diipngaged, a 
proof of ttiere being liiore hydrogen and carbon than 
are neceflary for the oxalic radical ; laftly, when the ni- 
tric acid is made to 2lQ. on vegetable gluten, '^aftiq gum, 
mufcular fleih, and all other animal m^Ctters, thefe matr 
ters are not converted into oxalic acid until they hafc 
given out azot and carbonic acid gafes, becaufe they con- 
tain azot that does not enter into the formation, of the 
o.%alic acid, and more carbon than this acid has need of :- 
and it is in tliis manner the nature of the oxalic radical 
is to be looked upon, as* far as Halle conceives it to exift 
in all matters confidered as aliments, whilft what has 
been faid upon the fubjeft ought only to refer to the fol- 
lowing propofition, viz. that all alimentary matters con- 
tain that, which, by the addition of oxygen,, forms the 
oxalic acid, 
the f ^ Since the facts related by Hallc on refpiration, that 
cond part, funftion has been much better invefligated by the united 
labours of Lavoifier and Seguin. During refpiration, 
w^ater is undoubtedly formed, and there is a difengage- 
ment of hydrogen as well as of carbon from the blood. 
This effeft refembles that which takes place in all vege- 
table matters expofed to the air. It even appears to 
Fourcroy, that hydrogen burns more eafily than carbon, 
at lead in making the analogy refpefting vegetable fub- 
tiances. He allows, however, that this formation of 
carbonic acid and water during refpiration is not as yet 
fupportcd by any pofitive ejq^erimeuts. There are even 
fonie who tliink that the vital air is wholly abforbed by 
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tJic lungs, that in the courfe of circulation it is by degrees 
converted into carbpnic acid^ and that it is afterwards 
evacuated by the lungs. This opinion, it is evident, is 
very different from that which explains the formation of 
the carbonic acid to be effeAed by the pulmonary organ, 
owing to the carbon difengaged from the blood after- 
Ward uniting with the atmofpheric oxygen. The obfer- 
Yatioh upon what paffes during the refpiration of the 
great grafshopper (locufla vermivora of Geoffroy) by 
Vauquelin, appears to authorize this laft opinion. He 
found a canal which conduSs the air immediately from 
the trachea to the ftomach; and he believes with much 
probability,- that the air ferves to the affimilation of the 
aliments. If the immediate combination with the mafs 
of aliments or of the chyle be neceflary to complete 
digeftion, or to affimilation, as fome fafts appear to iri- 
dicate, and as feveral philofophers are of opinion, it ap» 
p^rs that the vital air really penetrates the lungs and' 
combines with the blood, which at the fame time e:?^- 
bales carbonic acid. To conclude, it is fufficittnt for the 
conclufions drawn by Halle in whatever manner thele^ 
things are effe^ed, that there be fome means during rt^- 
fpiration of exhaling carbon. ' Lavoifier has confirmed, 
by his laft experiments on refpiration and tranfpiration^ 
the refult of thofe 6f Jurine, and it appears inconteftibly, 
according to Fourcroy, that the procefs which takes place * 
on the (kin affords a fimilar phenomenon to what pafles in 
the lungs, /. e. a formation or a difengagement of carbo- 
nic acid. It may be poffible that three effe£ls concur at 
the fame time in this proems of affimilation, for which it 
is proved that the pulmonary and cutaneotis organs are in 
a great meafure deftined. Perhaps there is a feparation 
of carbon and hydrogen from the lungs ; perhaps oxygea 
may penetrate at the fame time, which uniting by degree^ 
wi^h the carbon of the blood during refpiratioi^i afti^f? 
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vard flows out in torrents through the Yeflfek of the 
whole fur&ce of the fkin. {Ftde refpiration.) 
On the Fourcroy is of opinion that Halle^ in attribntiDg die 

beginning of affimilation brought about in the ilomach 
ax^ inteftines in great part to the decotnpofition of wa-< 
ter^ cannot fupport his conjefture ; and indeed^ it ia only 
Hpon the prefence of carbonic acid, hydirogen^ ahd am- 
moniacal gafes in the cavity of tbefe vifcera, that he ofierai 
it. It is neceilary to remark^ that it is founded upon an 
obfervation made by Jurine only on one cafe, ;uid that it 
would not he reafoning with much precifion to apfdy it 
a« a general rule. It may be prefumed, that the eziftence* 
of the gafes is nearly the fame in the courfe of the ali- 
mentary canal of all fubjei^ with that which Jurine 
found in his fubje£): ; but there is no proof that the pro- 
du6iion of thefe inteftinal gafes are owing to the decom* 
pp£tion of water, nor even that the difierence of thefo 
gafes in the different parts of the canal depends uponth^ 
ftate of the water. 
Pourcroy^s • Fourcroy is of opinion, that the primary efi^£ls of di- 
fxp ^^^»""- gediou^, ^Jiich ought not to be confounded with thofe 
of affimilation, properly fo called, may be explained with-^ 
out having recourfe to the decompofition of water. Four 
principal phenomena take place in the aKmeiUs during 
their refidence in the ftomach and inteftines. 

ift. The aliments^ are foftened and diflblved into a 
]cind of homogeneous pulp in the inteiiines. 
..3d. Tlieir chara6);er is changed by the gaftric men- 
ftruum. 

; 3d. This folution is decompcjfed in the fmall inteftine^ 
by the bile, vvhich feparates the alimentary part from the 
e^crepeatitious. 

4th; TJie chylous matter is abforbed by the lymphatics 
in the large inteftines, and the excrementitious matter is 
forced dp wn,. carrying with it the fat and colouring matter 
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of the bile. The bile conreyed into the blood imdergoei 
a change in the Icings. The aliments themfelves may be 
the fource of the gafes contained in the alimentary 
tube. 

This chyle being poured into the bloody iaad tniansd 
with it as the alimentary matters were mixed with tiie 
ianimal fecretions in the inteftines^ is then aAed upon by 
means of refpiration. During that procefe^ the vital air 
forms combinations,' carbonic acid and azot are difen^ 
gaged, but both do not appear internally at the tame 
time. The azot gas only appears when the quaflatit}^ of 
<;arbonic acid formed by the vital air^ and mixed with 
the refpired air, diminifhes in this air the property of 
difengaging fre(h acid from the lungs, which is the cafe 
when bad air is breathed. Then the azot, which ii 
probably alfo difengaged, but which combined with the 
chyle in proportion as this loft it's Carbonaceous princi«> 
pk, finding no more to combine with, departs with the 
air in the form of gas. - 

It is therefore probable that in this cafe the principle 
tf the carbon is fumtfhed by the chyle, and the azot by 
the blood, and that a real exchange is made as in the 
procefs of digeftion, i. e. the chyle, on lofii^ a part of 
it's carbon, receives in lieu of it the azot feparated from 
the blood, and by this mechanifm is animalized and 
aflimilated. It may be faid thai the blood likewife 
affimilates itfelf, becatife without this exchange, which 
deprives it of an excefs of azot, it would be too mych 
animalized, and at laft become alkalized, which, in ef* 
feft, always takes place when a long abftinence, or food 
which is too much animalized, prevents, the humours 
from receiving theirneceflary temperature by the mixture 
of a mild chyle. 

It may be afked, if the refpiratioii would ceafe to pro*^ 
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duee ciarbohic acid gas, in confequence of a loilgfaft, 
and at lad only produce azot gas, which would. feezn to 
be the confequence of this fyftem. Experiments are 
wanting to anfwcr thisrqueftion ; but prefumption, and 
two fa£l8 ftated by Jurine, almoft aflure the aiErmative. 
The one proves, that ifi:tbe proce& that ; follows thp 
digeftion of the aliment, and which is accooapanted fay 
a fenfible increafe of heat, and an accelerated pulfe, the 
proportion of carbonic acid formed by the refpi ration ia 
equal quantities of air, is much greater. The other 
ftatei, that in fevers, the contrary takes place,; for the 
proportion of carbonic aqid is diifiinifhed^ and that of 
azot gas increafed. 

After this important operation, follows that which is 
the :refult of the fun6tion9 of the (l^in. From the furface 
of this organ, the vital air likewife difengages a portion 
of«the carbonic principle, with which it forms carboniq 
. acid ; and if it be true, as an experiment of Dr. Prieftley 
appears to prove, although contradidled by thofe of 
Cruickfhanks and Jurine, that the air which has remain- 
ed in contaft with the (kin appears, on trying it with 
. nitrous, to be meliorated, and to have loft during this 
cbrftaft a part of it's azot gas, the confequence would 
alfo be, that the humours become animalized in the (kin 
by a mechanifm analogous to thofe of digeftion and ref- 
pi ration ; at leaft it appears certain, that a difengagement 
of the carbonaceous principle really takes place in this 
organ, but the ignorance which covers the. real nature of 
■cutaneous perfpiration, ftill involves tjiis fubjeft in ©b-? 
fcurity. Vide Refpiration. 

Such are the modifications made by Fourcroy on the 
fyftem of Ilalle, and the obfcrvations which the ftate of 
the fcience allowed him to make on the proctfs of ani- 
jwalizatiop. The faits which have fince been brought tQ 
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light, are very few, and are fcarcely fyfficient to afford 

any further explanalion than what this chemift has giveni , 

us j before, however, this article is concluded, it will be Conclufioa. 

neceiTary to mention the little that remain^. 

It is the opinion of feveral of the mod celebrated che- 9p»°*°". 

' , . Parmentier 

mifls, and particularly of Parmentier and Dcyeux, that andE>cycux, 
the dift'erent folids and fluids of the body are created by 
the procefs of animalization from the remote, and not 
from the proximate parts, and confequently, that the 
vital organization does not take from the aliments albu- 
men, gelatin, fibrin, fulphur, phofphorus, foda, lime, 
or iron, all of which tbey look upon as compofitions, 
but only their ultimate parts which are neceffary for their 
formation. 

Thus, in the blood, the different fubftanccs it contains 
jire not extrafted immediately from the aliments, fince.in 
fpite of their infinite variety, this fluid, whatever be it's 
origin, conftantly furpifljes the fame principles on ana- 
lyfis, and they even appear fo neceffary to it's compofi- 
l^ion, as not to be able to exift without them. Hence' 
j;hefe chemifts think, that it will be ufelefs in future to 
endeavour to fcarch in aliments and drinks for fuch of 
their parts as ought to ferve in the formation of the chyle, 
the blood, bile, &c., or to pretend to give a reafon for 
the transformation of the one into the other, without 
changing their nature. Before undergoing this tranf- 
formation, it is neceffary for thefe fubftances to be QX-r" 
pofed to the action of the ftomach and inteftines, to pafs 
through all the {)eriods of decompofition, and t^at the 
gafeous maierials, or aeriform fluids arifing, undergo a 
/certain fabrication in the different organs, fo as to form 
the various matters of the body, with modi^ca^ions pe-, 
puliar to each individual fpecies, according to it's phyfical 
ponftitutiori, whether healthy or vitiated by fom? |nQi:b*W 
^c jaffedion, 
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orb^ opT. tt has already been aflerted, that the remote pattK of 
^ninial fubftances are reduced to nine, vi2. afi^ot^ oxygen, 
hydrogen, carbon, foda, fulphiir, phofphorus, lime^ and 
iron, and thai the principal diflference between ammalU 
and vegetables confifted in the prefencfe or proportion of 
a:tot, which the firft contained in fuch large quanti^r. 

• It might therefore be concluded, that the grand pro- 
tefs of animalization confifted in the fixation of azot, and 
the additionof it as the principal phenomena of animal 
organifm ; but it has been obferved by the lateft phyfio- 
logical chemifis, that this phenomenon ought not to be 
tonfidered fo much the efiefl: of the fixation of a new 
quantity of this principle, as the fubtra^ioti of the other 
principles, by which the proportion of the firft muft bc5 
ifi confequenceincreafed. It is thus, forinftance, that 
the fun6lion of refpiration, by gradully difengaging a great 
quantityof hydrogen and carbon, which, by uniting the 
one with the oxygen to form Water, the other with ano- 
ther portion of oxygen to form carbonic acid, muft neccf- 
farily increafe the proportion of azot. A large proportion 
of this principle being thus accumulated, is ready to ht 
tmit^d with more or lefs of the other remote parts in dif- 
ferent proportions, to form the various animal fubftahces 
of which a body is compofed. 

'Humboldt According to Humboldt, this union by the funftion 
of animalization is brought about by the intermedium of 
the galvanic fluid. Thus the carbon and hydrogen, com- 
bined by means of this galvanic fluid, form oils. Tht 
hydrogen and carbon, combined with the oxygen by the 
fame means, form acids. The hydrogen, combined with 
the azoi, forms foda, and fo of the compofition of th6 
reft of animal fubftances, all being formed by the inter- 
vention of this fluid, the nature and properties of which 
are at prefent not underftood, although this chemift look< 
upon it to be the nervous fluid. With refpeft to lime 



and iroHj he doe« not coniider them as new prodofts m 
' the animal body, but as farniflied by the afxments. "Dt 
h, Methcrie, however, as wdl as -feveral other cheraifts,^ 
affirms, that the vital power is able by certain organized 
parts to form thefe two fubflances as well as fufphur and 
phofphorus, and of courfe that they are ^s well as" foda 
compofed of remote parts ; and this conjedure is ren- 
dered very probable by fevej;al; late experiments : thus 
Vauquelin found, that the formation of both lime and 
phofphorus w§s effefted by the funftion of animalization 
in the hen {vide Fceces), and the large quantity of the 
phofphat of lime found in milk> and the (hells of all ani-^ 
mals, which cannot be accounted for by any other means^ 
appears greatly to fupport the hypothefis, that it is the 
produfl: of the vital powers } whilft Fpurcroy attributes 
the abfence of the phofphoric acid in the blood of the 
foetus to the want of refpiration. With refpeft to foda, 
it is only by the fame way of explanation that it's pre*- 
fence can be accounted for in gran^inivorous animals; 
and as to fulphur and iron, there is great fufpicion that 
they are of the fame manufactory, and fabricated by the 
fame powers applied to a different organization. The 
fame may be faid of the acids, &c. 

Hence it appears, that the organifm necefTarj' to ani* 
malization has the power of reducing aliments to their . 
remote component parts, ^nd of fornpiing or creating nevr 
fubftances from them; but the fublime procefs that pro- 
duces all thefe combinations, the mechanifm by which 
thefe tranfmutations, modifications, and affimilationS 
are fo conftantly executed, and with fo much harmony^ 
in the organized world, are ftill fecrets which we are not 
able to penetrate. 

Firft Part of a Diftionary of Chemiftrj^, &c. by J. Ker, 
F.R.S«&:S.A,Birmingham,p. ig^.Animalization. 1789* 
-^EffaideTheorie fur TAnimalization et TAffimilatioa 
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des Aliments^ par M. Halie, M. D. Annal. de Chimle. 
tom. 2. p. 138. — ^Eacyclop. Method, torn. 2» Chimle. p. 
308. Paris, 179t* — Humboldt, &c. Verfuch einer Phy- 
fifchen Darftellung der Lebenskrafte, Sec. extraded in 
the Journal de Phyfique, p. dS« art. PhyfioI(%ie Ani* 
male, torn* x)viii. An 7f dQ la Republi<{ue. 
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It was the opinloa of nioft of the ancients^ that no* Opinioas of 
thing "pefiflied during corruption. Pythagoras afferted ^^ deak. 
there was only a change in the modifications of matter, 
and that real annihilation was impoflible. Plato relates 
it as an aitcient tradition, that the living fpring from the 
dead, and the dead from the living, and that this is the 
cotiftant circle of nature. Hippocrates thought that all Hippoa*-: 
ianiniated or living animals, being cpiripofedof two prin- 
ciples, fire and water, their qualities communicated with 
each other, affording^ that infinite variiety which appears 
in all the beings of the worid | and thai at death nothing 
perilhes, but the. parts only change their form by mixing' 
or feparating from each other. Diogenes, Apollonius Diogcr« 
and Parmenides feem to have held fimilar opinions', fjdcs.**™^ 
Ariftotle's ideas were not different, for he fays, with Ariftode. 
refpeft to fubftances, that the generation of the one is the 
corruption of the other, and vice verfa. 

Among the Roman authors, Lucretius, in his philofo- Lucretius. 

phical poem, called The Nature of Things, has beauti- 

_ * , > 

fully defcribed thefe ideas of the Greeks. 

*^ Befides, as nothing nature's power createsji 
So death diffolves, but not annihilates. 
For could the fubftances of bodies die. 
They prefently would vanifli from our eye; 
Diflblving, without force, they'd perifli all. 
And filently into their nothing fall. — 

^^ If all things, over which long years prevail. 
Did wholly perifli, and their matter fail. 
How could the powers of all-kind Venus breed 
A c^infiant race of animal to fucceed ? 
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Or how the earth eternally fupply^ 

With confiant food, each his neceflity ?— 

*^ But fince the feed's eternal^ ^d th^ ftatne 
Of bodies^ and their uiiion hoi the lame^ 
Things may feciSire and free froni danger fland^ 
Until fome envious force (hall oreak tlie band^ 
Thus death diublves ak>ne, death breaks the chdn 
And (batters, thmgs to their firft feeds again/' 

Crebch. 






Signiof 
dtatlL. 



Leibnit2> among {he modem^y has exprefled fimilat 
ideas. AU thing? are compofed of monads, accordii^ to 
this philofopher, which are fimpk^ indivifible fubftances]; 
they are the real elements of nature, and as fuch there i| 
no fear of their diflblution. There can be no conception 
of a fimple fubftance perifhing naturally, but every thin^ 
that perilhes, perifhes by diflblution into it's fimple parts, 
and every tfeing that is formed, is formed by compofi- 
tion. Monads, therefore, can only exift or ceafe an in- 
llant, by creation, or annihilation^ each monad being in 
a continued change or viciffitude* Hence it appears, 
that neither the ancients nor Leibnitz, although they had 
,no idea of the compofition of animal fubftances, ever 
thought that death was their extindion, but that they 
again revived under new forms and circumftances. 

Death may be defined the abfence of life, and as it is 
of great moment to be able to afcertain it with certainty, 
feveral methods have been proved to enable the phjHician 
to diftinguifh between it's apparent and real liate* Beh- 
rends and Crevc were the firft to prefent to the world 
galvanifm as the proper teft } the latter in particular has 
made many experiments to afcertain the faft. This me- 
thod is remarkable for it!s fimpHcity and convenience. 
Upon any anxiety refpefting a fufpicron of a body being 
not dead, a naked nerve is put into contact with a pair of 



caetalllc rods compofed of filver and zxacg^ mni this. wiU 
refolvq the importoijt proUera^ whether 9J^y irritj^ility 
fiill renH4|)69 .ap4. cpnfequeqtly wl^e^itr Vbe ri^ayepry of 
the corpfe be poffible. Hun}boI4t9 l|K>W^v^i ^^ii^KHig^ 
be reje6^s this as an infallible gtude^ is^qf opiiuon^ that 
it wi|l afipertain the obj«3; to a greaiti degff^ qf prdl^ahili ty^ 
s^nd henq^ reQomine.ndET it's employn^/eifit as of l^eat, iife^ , 

The only certam %n of death i^ putridity. IC^ prc4 Putridity 
feoce never deceives. When the yitqijj prii^^ipler qir ai taf/^jnS^ 
Hippocrates calls it, the vital flamie^, is eiitiotgtufhed ia ^'' 
animab, theic fpontaneous decompo^tioct ogtuyii^iSKeS) 
and this is called the putrid fermentatioq^ o^ putrefa^ion* 
The objed of nature in ftibmitting tfa^m, |a th^is^ proteefs, 
i^ppears to be, to refiors to their prinutiv^ ^01^^ \Mhat 
tife had united, by means of it' s d ifTerent fun^on^, to form . 
^ compoiite oi^nized body. The matters,, tharc&ve, dial 
formed the bodies of animals, are reduced t0 (heif primi-« 
tive iimple {late, that in procefs of time^ by imiting agakx 
vrithlife, through organisation, theyniay be catployed 
in the fojrmation of new cobiplex bodies^, whether of the 
vegetable or animal fpecies } and this would feem to be 
the fpeedieft procefs by which the ultimate parts of bo-* 
dies, no longer fufceptiUe of being united txy life undev 
one particular form, are tranflated to another. Thus is 
pature a feriesof revolutions, a fucceffioaof conipofitioa 
and decompofition, of produdion, and of deftru&ion. 

There are a number of authors who have written on Authona^ 
putrefaction, the principal of which are^ccher, Stahl, fioS^^^*^" 
Hales, Pringlcj Macbride, Geber, Beaume, and Gar- 
dani, fome of which have defcribed with great care many 
' ©f the phenomena that accompany the putpid change in 
different bodies; but although they have in fome meafure 
cleared this fubjeft of the obfcurity it was in before the 
time of Bacon, many more experiments and obfervationa 
are uccefTary, to give a full and fatisfa^ory explanation of 
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the cifcumftances attending this fpontaneous operation d( 
DAture. Their great merit has^ perhaps, been U> point 
out the way to others who are defiroua of attempting n 
more minute inveftigatiom 
As upon all other fubjeds, there have been various 

StabL opinions refpeSing the nature of putrefaftion. Stiahl 
affirmed it to be a real fermentation, and he confidered 
it as the end or lad ilage which all animal and vegetable 
ftibftances are made to undergo by the fermentative pro- 
ceflcs ; ^nd 'almoft all the later chemifts, fuch as Weigel, 
Gmelin; Macquer, and Morveau, feem to have been of 
the fame opinion. 

Boetbaave. Boerhaave aflerted that it was not a fermentative pi^ 
cefs, but that it was eflentially difierent from ij, and he 
appealed to well known fads in his fupport. Scopoli 
fided with Boerhaave, forming his decifion from the fame 
circumftances, viz. that putrefafkion difengtges volatile 
alkali, decompofes all the fixed parts of organised bo* 
dies, and produces nothing but earth, and fome effluvia, 
which though mod difagreeable, and even poifons to the 
' human body, yet being imbibed by the earth and vege- 
table creation, give life to a new race of beings ; whilft, 
on the contrary, during the fermentative procefe, the 
fibrous texture of fubflances remain undecompofed, and 
the proJuftions are only fixed air, wine, fpirits of wine, 
and vinegar. It would appear, however, that Stahl did 
not look upon putrefaflion to be difierent from the vinous 
and acetous ferpientations, and that they were entirely 
independent on each other, but only regarded the three 
as being principal degrees of the fame fermentative mo* 
tion by which all compofed bodies are diifolved and re- 
duced to the fame (late ; hence, that putrefaction was 
a kind of fermentation or rather the laft ftage of that 
procefs, beginning with the vinous^ going through the 
acetous, and ending with the laft ftage of putridity. It 
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haslikcwile been 'Alleged, that if it be a fermentation, - 
it muft neefeflarily be a diftinct kind, fince we frequent- 
ly obfea?vt 4% taking place, where neither of the other 
fiages had preceded it, which proves that in fome cafes 
,at leaft, it muft be entirely independant of, and uncon- 
neSed with them. Putrefaftion has likewife been re- 
garded as a fpecies of ignition : it is faid that the power 
it has of converting every thing into earth, is evidently^ 
performed by an e^panfive power, that in confequence of 
this,- the body firft fwells, then burfts; vapours are ex- 
tricated and fly off, and the particles fall afunder from 
each other, which are the very effects the aftion of fire 
produces upon any combuftible body ; hence it is pro- 
bable that the agent in the aHr confidered as the caufe of 
putrefaftion, is no other than the fire itfelf ; i. e. the 
ethereal fluid expanding itfelf every where, and that in- 
flead of an emiflSon of flame, which ignition is attended 
with, putrefaSion is accompanied with a produdlion of 
azotic ga^. , 

All organized, and particular})' animal fubflances, Subj as of 
undergo the putrid fermentation; and Leonhardi is of ^"^.*^ *^* 
opinion, that a flight acetous fermentation takes place, 
previous to it; this may proceed from the gelatin, which 
under certain circumftances, as in broth,* is faid to be 
fubjefk to the acetous procefs. 

The putrefa6lion or 'fpontaneons decompcfition ofy*"©"' 
animal lubftances, may be divided into as many fpecies trefaaiun. 
as there are chemical agents in nature capable of pro- 
ducing it, thus,' when it takes pla^-e in the open air, it 
may be called, atmofpheric putrefaction. But when in 
confequence of bodies not being expofed to th^ external 
air, a decompofition takes place amongft their component 
parts, and new combinations arife, the produfts are 
totally different. In thefe cafes, the principal effect is . 
their being deprived of their azot j fuch is the cafe wbea - 
VOL. III.' a 
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bodies are heaped together in the earth, and hence it 
may be called terraneous putrefaftion ; or under water^ 
giving rife to the aqueous putrefa£tion. In all thefe cafes 
^'"^ where the air is excluded, a more or lefs oily mafs is 

. produced. The fame took. place during the internal fu* 
trefaciion of the human liver, as defcribed by Pour- 
croy. 
1. Atmo- 1 . yftmofphcric Putrefa^lon, When an animal fub- 
Irei^ftion!" ^^"^6 is expofed to the atmofpheric air, fo as to give rife 
to it's fpontaneous decompofition, it pafles with more or 
Icfs rapidity through the following changes, particularly 
affefting it's colour, fniell, and confiftence. It becomes 
^ of a paler colour, it's confiftence is diminifhed; if it be 
folid as flefh, for inftance, it foftens, and a ferous kind of ' 
' matter oozes out, it's colour quickly changes, it becomes 
relaxed in it's texture, and it's organization is deftroyed; 
it has a faint and difagrceable fmell,/it finks down and is 
dihilniflied in bulk, and it's fmcll becomes ftrongcr and 
alcaline. If the fubltance be contained in a clofe vefiel, 
tbeprogrefs of putrefa£lion,accordingto Fourcrov, feems 
to flacken at this flagc, and no other fmell but that of a 
pungent alcali is perceived ; it efTcrvefces with, acids, and 
changes the blue of violets to a green colour. If, how- 
ever, the com muni crition of the air be admitted, the 
urinous exhalation is diflipated, and a peculiar putrid 
fnicll extends itfelf with great impetuofity, and of. the 
moft infupportabic kind. This ftiiell continues a long 
time, f[:rcads every where, pervades every place, and af- 
fcfts llie healths of living animals fo as to produce putrid 
difeafcs. This fmcH Fourcroy obferves, is connefted, and 
as it were confined by the volatile alcali, which when 
volatilized, is fucccecled by th j putrefaftiv.e procefs, be- 
coming aftive a fccond time, the fubftance fuddenly 
fwells, is filled with bubbles of air, but foon after fub- 
fides again. The colour now changes, the fibrous textureof 



the flelli IS fc$rceiy to be diftinguiftied, and the Whole ij^ 
converted into a foft pulpy brOwn> or greenifli matter, 
of the confiftence of poultice, with a faint, naufecus> 
and difgufting fm^ll, that is very aftive and contagious. 
This fmell gradually fubfides, the fluid portion of the 
flefli aflumes a kind of confiftence 5 it becomes of a deep- 
er colour, and the whole is finally reduced to a friable 
matter, fomewhat deliquefcent, which on being rubbed 
between the fingers, breaks into a coarfe dark powder 
like earth. This is the laft ftate animal fubftances un- 
dergo during this procefs', fot" which a confiderable time 
is neceflary. Pjor the total deftruftion of the whole body 
of an animal, it h faid that eighteen months^ two or 
tven three years are fcarcely fufBcient when expofed to 
the external ait. 

During the time animal matters are undergoing the Produai 
above changes of decompofition, their component parts 
fly off*, or form new combinations, either with the vital 
air of the atmofphere, or by fimple attraftions between 
each of their principles, they form unions amongfl: 
themfelves,^giving rife to fimple, binary, and even ternary 
combinations. The products are carbonic acid gas, am- 
monia, nitric acid, fulphur, phofphorus, hydrogen gas, 
«nd the fubftances it diflblves, azot gas, Pruflian blue and 
heat, which being difengaged by degrees into the at- 
mofphere, diminifli in proportion the mafs of animal 
matters, and there remUns an earth behind. 

1 . Carbonic acid. This is difengaged from putrefying Carbonis 
bodies, particufarly from folid parts, in large quantity. 
The quantity appears to be in the inverfe proportion of 
the quantity of hydrogen gas extricated, for at firft it is 
in large proportion, and the hydrogen gas in fmall pro- «. 

portion, but' afterwards the contrary takes place. The 
firft produ£l Lavoifier obtained from the fecal matter of 
a neceflary in a putrid ftate, was thcfe two gafes mixed 

a2 
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Ibgether ; U parts of carbonic acid^ and one of azot gas. 
The temperature wa» at 8* or 10*^ of Jleaumur. Prieft- 
ley has likewife afcertained their proportion and quan- 
tity. Having let i pennywts. 6 grs. of lean mutton be- 
come putrid^ he obt^ed 2 4^ oz. meafares of gas^ of 
which 3 7V7 ^cre carbonic acid gas^ the remainder by« 
X drogengas. Corvinus long ago obtained a quantity of 
eladic fluids from putrid fubfiances^ one of which wag 
imbibed by water, the other not, they were therefore very 
probably the fame gafes. 

The carbonic acid has been fuppofed to hs^ve already 
exifted jn animal fubftances expofed to putrefa&ion, and 

to have been only extricated during that procefs 5 but 

* 

Lavoifier found that new fecal matter would not effervefce 
with acids, whilft an effcrvefcence took place with it in 
it's old ftate, which certainly is againft this fuppofition : 
fomechemiAs, and particularly Berthollet have aflerted, 
that it arifes from the decompofition of the water, that the 
vital air unites with a portion of the carbon of the animal 
matter, and forms carbonic acid, whilft the other prin- 
ciple of the water, the hydrogen, is fet at liberty in the 
form of a gas; hence two gafeous fubftancps are obtained, 
the carbonic acid and hydrogen gafes. There is, how- 
ever, fome dotibt of this origin of the carbonic acid ; 
- and other chemifts are of opinion the oxygen is fupplied 
by the atmofphere, fince there is no 'e^ctri.cation of car- a 
bonic acid, unlefs the fubftances are in coritaft with the ^' 
atmofpheric air. It is in large quantity in the beginning 
' of putrefaAion, at which time it only exifts. It is the 
gas that is often fo fatal to people who defcend into 
vaults, and thofe places where animal fubftances are left 
to putrefy. 
'Amrtionia. 2. Ammonia. It was long fuppofed that ammonia al- 
ready exifted in animal fubftances before putrefaftion 
commenced, but Berthollet found that when frefli, no 
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auimat matter contained it perfedly formed^ and that 
when deprived of azot, by the nitrous acid, they no longer 
afforded ammonia by any means, particularly by diftil- 
lation. It has been before obferved, that animal fub- 
(lances contained a l3rge portion qf az^ot, and this ac- 
counts for the origin of ammonia ; the azot combining 
with the hydrogen of the water, (where oxygen, or at leaft 
part of it fcfrmed carbonic acid with the carbon,) forms a 
union, which being let loofe, is the volatile alcali fo very 
prevalent amongft putrid fubftances by it's pungent fmelK 
It is neceffary, however, for the formation of this alcali, 
tha.t the two principles meet and unite at the time they 
are difengaged, and juft taking the gafeous form 5 for if 
both the azot and hydrogen were enveloped in their folid 
combination, no union could take place, which happens 
in thofe animal matters that have undergone no alteration;^ 
, on the contrary, one of thefe two principles is developed 
without the other, and feparates from the matters that 
contain it in the form of an elaftic fluid^ the produc- 
tion of this alcali is equally prevented, as is the cafe whdn 
the nitric acid is ufed. But by the flow and gradua^ ac- 
tion of putrefa6lion, or by that of fire increafed by de- 
grees, as in diftillation, the intimate union of thefe two 
principles is accomplilhcd, by favouring their flow and ' 
limultaneous evolution j and by carrying them within the 
reciprocal attraftion of each other. It is from the fame * 
,rircumftanccs perhaps, that Gaber was not able to dif- 
cover any ammonia in putrid fubftances, either in the 
beginning of that (fate, or towards the end, and which 
led him to deny the exiftence of it at thefe periods of pu- 
trefaftion. Crell likewife found it was not to be met 
with at all periods ; he is, however, of opinion, that it's 
prefence'is to be found as long as the putrid fmell con- 
tinues, whilft Porner affirmed it'aprefence to be a fign, that 
the putfefadive procefs has arrived at it's greatdl height^ 

as 



BM FUTREFACTIOir. 

and is approaching to an end. From the fafts of the pro-' 
du£lion of ammonia^ it appears that nature^ by allotting 
to animal fubdances the property of forming this alcaii^ 
has giv^ one of the principal means of their decompo- 
fition, and fpontaneous de(lru£tion; for as foon as the 
azot feparates to unite with the hydrogen, the bond of 
their intimate compofition is relaxed ; this alcalefcence 
may then be looked upon as a (ign of great diflblution 
and perfe£l diforganization, which cannot take place 
in animal matters, without bringing on their total de« 
ftru£lion. 
Probability There is great reafon to believe that, befides this al- 
maiion aWb Call, the two Others, viz. potafh and foda, may be pro- 
*adTod? duced during putrefaftion, although their component 
parts are at prefent not well afcertained. There is an ac- 
count by Morveau, in his experiments on the effefts of 
diflerent gafes on flefh, that having fufpended a piece^of 
lean beef in a bottle, filled with nitrous gas, which was 
covered with a moid piece of bladder, and well tied, he 
found on opening it five years after, that cryftals of nitre 
^ere formed in it; real nitre is likewife found near 
privies, as particularly inftanced by Dr. Wall. The for- 
mation of the nitrous acid may be accounted for from 
the exiftence of it's radical, but that of the />5^^^ is dif-^ 
ficult to explain. Thouvenel, who appears to have ob- 
ferved a fimilar phenomenon, admits an epoch of akalef" 
cence in putrefaction, after that of acefcence. The lame 
author has obferved, that where putrid fubftances are ex-« 
pofed for the formation of faltpetre, the mineral alcali is 
. likewife formed. 
_, . ., 3. Nitric acU, It had long been known that the 
putrid fernienlaiion was very necelTary to the formation 
of nitre, and Kunckel, Vieuflens, and Homberg had 
remarked that putrid plood when dried and expofed to 
the air afforded it in large quantity. Juncker relates 
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that Kunckel having let fome blood putrefy, until it was- 
reduced to an ^arth, lixiviated and evaporated the liquor 
until a pellicle appeared, and obtained from lOOlb. of 
blood, rather more than 5lb.' of cryftallized nitre. But 
the mod di reft and fimple experiment was made by the 
Gommiffioners of the Academy : they put fome chalk wdl 
lixiviated in boiling water into bafkets, and expofed them 
to the vapour of putrid ox bloody at about two feet dif- 
tant from each other ; when at the end of a few months, 
the chalk was found to contain four or five ounces of 
faltpetre for each quintal ; from which they conclude, 
,^ that the nitrous acid is produced by the union of the 
vital and the putrid airs, provided every thing is tranquil, 
and the atmofphcric air is-renewed by little at a time, 
and flowly. Thouvenel made fome experiments on this 
fubjeft, by putting into diflPerent veffels air difengaged 
from putrid matters, with various aeriform fluids, and 
itito which he had previoufly put fome alcali or earth, in 
order to fix the acid, and he found 1. that at theend of a 
few months, nitrous acid was only formed in that veflel 
in which was vital of atmofpheric air. 2. That chalk 
always afforded it when expoled to the mixture, and 
other foluble earths, and alcalis very rarely. 3. That of 
all animal matters, blood affords it in greateft abund- 
ance, and during the longeft tirne. Since the difcovery 
of Berthollet, that azot is fo abundant in animal fub-* 
ftances, and fince the compofition of the nitric acid has 
teen found to contain that principle, as one of it'^ com- 
ponent parts, fome light has been thrown on this ob- 
fcure fubjeft ; and the formation of this acid is now ac- 
counted for by fome chemifts, from the vital air of the 
atmofphere uniting with the azot, which is extricated in 
the form of gas from the putrid matter; whilft others 
on the contrary, as Fourcroy, allege, that ther^ is a de- 
comp oiition of the water, and that the oxygen is furniflied 
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by that fluid. It was afErmed by Shaw^ that the pra«- 
duftion of this acid was only during the laft ftage.of pu* 
trefadion. It has alfo been obferved, that it is opt a 
quick but a very flow pjitrid decompofitioa that produced 
the greateft quantity of this acid 5 that a too great degree 
of moiflure^ or too long continued, was hurtful; and 
from tlie experiments of Crell it appears, that a mode« 
rate heat, fuch as fpring and autumn, with a chazig6 
every fourteen days, or once a month, of the furface of 
the putrid matter, and a moiftalmofphere, were themoft 
favourable to it's generation. 
Suiphyr. 4^ Sulphur.' According to De la Metherie, this fubr 
flance has been found in feveral places where putridity ii 
going on, as on the fides of flails ; and according to 
* Rochefoucault, it was found cryftallized on the walls of 
fome old paflages at Paris| arifingfrom the e$uvia of pu- 
trefying fubftances ; it has likewife been obferved in the 
dung of horfes, and is fuppofed to be the produce of ao 
incipient putrefaflion. 
* piiofphoj-us. 5. Phofphorus, The phofphorefcent light obferved in 
. putrid fubftances, and particularly in putrid fifli, was fup- 
pofed by Lavoifier to be occafioned by the extrication of 
, pbofphorifed hydrogen j but Davy accounts for it in 4 

different way. He aflerts, this luminous appearance 
arifes from thp liberation of nitric phofacid, previoufly 
formed during life, by the combination of light with 
''oxygen and nitrogen. He found by experiment that 
putrpfying fifli are equally luminous in water, when boiled 
to expel the air and phofoxygen. 
Hydrogen 6. Hydrogen gas. This is another produ6lion of pu-t 
^*'' trefaaion. It wa§ afcertained by Lavoifier from fome 

experiments made on the fecal matter of a neceflTary, that 
the proportion of this gas increafes with the progrefe of 
putrefaftion, and he continued to obtain it for feveral 
year$ after the fixed air had ctdSftdi to be prodpced^ a|? 



though Prieftley affirms the contrary. Lavoifief exjpofed 
four inches of fecal matter to 24 inches of vital air under 
mjercury, and in ten days there only remained Q^ of the 
air. This diminution of vital air^ by it's expofiire to 
new fecal matter^ he attributes to the eflfeft of a fmall 
quantity of inflammable air (Hfengaged ; for Prieftley ha^ 
obferved^ that when inflammable air is difengaged flowly 
from fermentefcible fubftances into vital air, there is an 
infenfi^)le union between thefe two airs at the moment of 
the formation of inflammable air; and a further proof 
of it's being this air which iafts on the vital air at this 
moment is, that if inftead of new fecal matter, which 
affords very little inflammable air, old fecal matter, or 
that which is a little advanced in putrefaftion, be ufedj 
it's aftiom on the vital air is greater and more rapid, and 
a much greater diminution takes place ; at the fame time 
the infljammable air, which would have been obtained by 
the operation in veflels void of vital air, difappears : 
hence it is probable that it efledls by flow means what 
takes place immediately in cafe of combuflaon. (Vidt 
carbonic acid.) 

Hydrogen gas has a very difgufting (mell, and it is 
found to be capable of diflblving fulphur, phofphorus, 
and; even carbon, which fubfl:ance it depofits again on the 
addition of feveral chemical agents after the fblution has 
taken place. It is therefore aflerted by feveral chemifts, 
that the difagreeable naufeating and even infupportable 
ftench which arifes from fubftances in a putrid ftate^is 
owing to hydrogen gas; either in it's free ftate, or holding 
in folution fulphur, in which ftate it is called fulphurous 
hydrogenous gas ; or phofphorus, when it is called phof- 
phorated hydrogenous gas; or carbon, forifiing carbonated 
hydrogenous gas. The difference or degree of fmell may 
iikewife be attributed to the difference or degree of folu- 
ppn. If the hydrogenous gas be alone^ it is perhaps the 
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kaft unpleafant I combined with fulptiur, it has the fmell 
of rotten eggs ; and with phofphorus, that horrid ftench 
is producetl peculiar to (linking fifti. The carbonated hy- 
drogenous gas no doubt likewifc produces i^'s peculiar 
fmell^ but as thefe odours are generally mixed during pu- 
trefafliony they are perhaps only to be diAinguifhed at 
particular ftages t)f it^ when the one or the other predo- 
minates. 

Axotgai^ 7. Jzot gas. This is obtained from putrefying animal 
fubfiiances either in it^s combined ftate^ or united with 
hydn^en forming ammonia, or with oxygen forming the 
nitrous acid ; it may likewife form other combinations. 
According to Fourcroy, this gas has a very peculiar and 
diftin£t odout refembling fifli juft beginning to putriefy; 
it feparates a little carbon from animal fubAances^ and it 
gives the greenifli colour to parts, more particularly to 
the mufcles, which is feen during their putrid ftate : this 
chemift afferts it has a very deleterious effeft on living 
animals, and Dr. Mitchel of New York, as well as Drs. 
Hamilton and Currie, are of opinion, that the gafeous 
oxyd of nitrogen may have the principal (hare in gene- 
rating contagious difeafes. 

'^•'^an 8, Prujftan blue* Fourcroy has found Pmflian blue in 

animal fubftances during putrefaftion, and a "fmell of 
pruffic acid has alfo been obferved j. but as all animal 
fubftances contain the principles of thefe two matters, 
which require only an opportunity for a union, their 
prefencc in fome cafes is not furprifmg. 

Heat. 9. Heat. Whether this be a fubftance or a fenfation 

produced by the repulfive motion of the putrid procefs, 
it is found to take place in all matters undergoing that 
operation, more particularly when in large quantities; 
this is more evident in dunghills; and we are informed 
by Munro, that upon thrufting his hand into the flefh of 
a dead and corrupting wbale^ he felt a very fenfible beat. 
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10. Earth. When the volatile parts, or thofe capable Earth, 
of becoming fo, fly off or form combinations, and efcape 
in the order of their volatility, and the various odours 
they give rife to have vaniftied along with them, the pu- 
trefactive procefs is over, nature has performed her piir- 
jjofe, her decompofition is complete, and there remains 
nothing but an inlipid, blackifh, and carbonaceous fub- 
llance, which is called the earth, a fpecies of caput mor- 
tuum, which has not been thoroughly examined. It is 
faid to confift of the oily matter of calcareous phofphat^ 
and the phofphat of foda united to a portion of the car- ' 
bonaceous principle, • 

From obferving the phenomena attending putrefaftion Four ftaget 
Boifleau has diftinguiflied four ftages. The firft he calls^P"''*^^*'"' 
a tendency to putrefaftion, which confifts of only a very 
inconfiderable change, perceptible by a flight faint fmell, 
and a foftening of the fubftance. The fecond degree he 
calls the commencement of putrefaftion, this is fome- 
times indicated by marks of acidity, the fubiftances lofe . 
fomewhat of their weight, become foft and emit a fetid' 
fmell ; a ferous matter exudes from them if in clofe vef- 
fels, or they become dry or dark coloured if expofed to 
the air, although if the laft be moid there is little diffe- 
rence. The third degree he calls the advanced ftage of 
putrefaftion, the {ubfl:ance emits a volatile alkaline fmell, 
mixed with a naufeous or putrid aroma, it diminiflies and r 
falls into diffolution, the colour changes more and more, , 

and it lofes both weight and bulk. The fourth degree, 
or complete putrefaftion is known to have taken place by 
the volatile alkali being,entirely and completely diflipated, 
the fetid fmel^, lofes it's force, the volume and weight of 
the fubftance are confiderably diminiflied, a gelatinous 
mucus is feparated, the mafs becomes by degrees dry, 
and is at length reduQ^ to a friable and earthy matter. 
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Such are the general ftages and ttteSts which nature jpro- 
duces. - ^ 

Difference Thefe phenomena are not however the fanie*in all mat- 
mnJT^ ters that undergo putrefaAion. There is a great difierence 
between the putrefaction of the parts of Itving^anim^ 
and that of dead organs. Beiides^ every humour and 
every folid part feparated from a dead animal has likewife 
it's peculiar manner of putrefying. The mufeuhu*, the 
inembranousy or the parenchymatous texture of the or- 
gans] the oily, gelatinous, or albuminous nature of the 
humoursj their confidence, their (late with refpeft to 
that of the animal which afforded them, all have a more 
or lefs great influence on the putreia^ive procefs, and 
modifying it in a variety of ^ ways, perhaps impofQbletel 
be efiimated. If to thefe be added, the ftate of the ^r, 
it's temperature, elafticity, wei^t, drynefs and moifhire^ 
with many other circumftances, the actions of which are 
more or lefs to be confidered, the phenomena will be fliU 
more diverfified. Hence we may fay with Fourcroy, that 
the hiftory of animal putrefaction is fcarcely begun, and 
demands an immenfe feries of experiments and obfer- 
vations. 
CflDfes af- ' Several caufes have been attributed to the production 
^fff*^r^ ^^ ^^ putrefaAion. It was the opinion of fome philpfo- 
authors. phers it was brought about by animalcula and infects; 
amongft thefe were Linnaeus, Kircher, and Plenciz ; this 
hypothefis, however, was overturned by the experiments 
of Alexander. According to the opinion of Macbride, 
fixed air is the fundamental caufe of putrefaftion ; for as 
he fappofes this to be the power of cohefion in bodies by 
which their parts were kept together, it follows, that when 
this is extricated, as is the cafe in all putrefaftion, the 
other component parts muft likewife fufTer a decompofi- 
tion, the equilibrium between theip being defiroyed. 
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Another opinion was^ that phlogifton is the caufe of it^ 
and as it was the fafhion to attribute almoft every chemi- 
cal phenomenon to the abfence or prefence of this princi- 
ple, it was confidently afferted, that the decompofition of 
bodies is brought about by this phlogiftic matter being 
extricated from them, or in other words, tlijat the abfence 
of phlogifton was the produd:ion of putridity. The 
phlogifticarians, and parUcularly Ker, explain it in the 
following manner : they look upon the feparation of phlo- 
gifton from the other component parts of bodies to be 
the foundation of this pro/cefs. When therefore putrefy- 
ing fubflances are expofed according to circumfiahces that 
favour it, it begins firft by an ex^ulfion of fixed air, by 
which much of the pure air of the organic matter is ex- 
tricated to unite with the phlogifton for it*s formation^ 
another part of the phlogifton united with the water, and, 
the volatility of both being affifted by the heat of putre- 
faftion, rifes in the form of inflammable gas ; another 
portion of phlogifton evolved and freed from it*s organic 
compofition unites with a portion of air, forming phlo- 
gifticated air; fome of this phlogifton unitillg with a great 
deal of water, fome earth, and lefsair, forms volatile al- 
kali ; the remaining phlogifton attratSing flowly the pure 
air from the atmofphere, forms, with water and the fixed 
alkali or the pure earth of the organifed fubftance, a fa- 
lipe or calcareous nitre; whilft the greateft part of the 
earth thus feparated from it's former combinations re- 
mains in it's pr6per form, or rather in a fomewhat phlo- 
giftiic;ated ftate. It was then alleged, that the atmo- 
fpheric air was the grand caufe; biit according to Weber, 
this air is not only without effeft, unlefs affifted by 
warmth and moifture, but from the experiments of Alex- 
ander, it's free admittance is not indifpenfibly rieceffary 
to putrefaAion. Fourcroy, and the French chemifts at-' 
tribute it to the decompofition of water; it is their opi- 
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nion this fluid is decomjpofed^ that one of it^s' cotnpon^t 
parts^ the oxygen^ feizes the azot of the animal fubftance^ 
and contributes to the formation of the nitrous aeid^ 
.and that the other component part^ the hydrogen^ iimt*» 
ing with a portion of the fame azot which abounds^ pro«» 
duces the volatile alkali* The great difficulty^ however, 
refpe&ing the decompofition of the water is^ that it is 
unknown how it can take place at fo low a temperature ; 
and to ihow that oxygen is always imbibed by putrefying 
lubfiances^ it is only neceflary to examine the air^ which 
is found to be diminifhed) and the oxygen to have difap-> 
peared, whilfl the prefence of the atmofpheric sdr is always 
neceflary for putrefa6lion to take place^ and the purer the 
air^ or the larger quantity of oxygen it contains^ the 
Iboner and the more rapid is the putrefying procefs; 
tbefe are great proofs that this principle a£ts at leafl a 
principal part in it's produdlion | but as before ob« 
ferved. it is not the caufe qf it. 

Morveau, in order to find what a£lion different forts of 
airs would have upon auimal fubfiances^ filled feven large 
bottles, and fufpended in each an ounce of lean beef, he 
then covered the bottle with a piece of bladder, and ti?d 
it, leaving them for five years without being opened, when 
he found, that 

Grains. 

In the vital air, the flefh was reduced to 136 

Common air 149 

Fixed air 157 

Inflammable air 163 

Nitrous gas . 155 

/ Ammoniacal gas 348 

Putrid gas , 168 

tn the vital air, this chemifl: informs us, the putrid 
odour was perceived the longeft time through the blad- 
der, it was very ftrong after two months, whilft if that 
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in the common air be excepted, fcarcely any thitig was 
emitted from the others ; hence it appears, that the vital 
and common airs had a great advantajge over the others, 
which agrees with the nature of them determined by 
other properties. All the pieces of fleih were found to 
be dry and tending more or lefs to a black colour, efpeci^ 
ally that in the vital air, which fhows that it had made in 
that air the greateft progrefs in putrefaftion. 

The caufe or origin of putrefaAion is the refumptipni 
of riie chemical ele^^ive attractions which the compo- 
nent remote parts of bodies had been deprived of by the 
principle of life, and thje confequent formation of new 
combinations brought about by feveral acceHbries, or as 
they may be called, ' feptics, viz. moijiurey moderate tem- 
per at ure^^ repofe, and a communication with the external air» 

A certain degree of moifture appears neceflary to give Acceflbriet 
the component parts the liberty of coming within each 
other's attraftiou fo as to form new unions with the oxy- 
gen of the atmofphere, and alfo amongd: each other; 
whereas drynefs prevents, or rather, retards it, as well as 
too much aqueous fluid 5 hence the preference of a moift 
atmofphere. 

2. A moderate temperature, fuch as 65°, is found to be 
the heat of the atmofphere moil favourable to putre- 
fatSlion. On the. contrary, a great degree is apt to vola- 
tilize the parts of bodies before they can form a union, 
and to produce exficcation ; and a low degree, as that near^ 
the freezing point, retards it by not giving the parts fuffi- 
cient aftivity to forrn new combinations, whilft congela- 
tion Hops it altogether, 

3. Repofe is likewife a great affiftant in this procefs, 
for without it there is no time' for new^unions to take 
place, and a quick fucceffion of air takes away the moif- 
ture fo neceflary, and driesthe external parts; a confined 
air is the greatefl; proinoter of putrefa^ion. 
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4. Bodies will not putrefy iR Tacuo^ hence the atme* 
fpheric air is equally neceflary with the others^ and it k 
always found to be diminifhed^ as is the cafe whenever it'll 
oxygen is abforbed^ /. s, in all procefles which the old 
cheinifts called phlogiftic; and the larger the proportion of 
oxygen the quicker and more perfeft is the putrcfaSioiL. 
' It is on this account that great fimilarity has been obferve^ , 
particularly by Groddard, between the putrefa&ive proceis 
and the adion of fire on the atmofphere during com- 
DiAUlatton buftion^ both converting fubftances into an earth, and 
to puti»n»c- caufing an abforption of the oxygen of the atfnofph^rei 
^*"' and a generation of fixed air; but as the putrefaAive 

proceis is much flower than either moid or dry diftilla- 
tion, the produ£ls are different in fome refpeds, from the. 
great degree of heat not permitting the component paxts 
to form the fame unions. They both decompofe animal 
fubftances and form new compounds. Both in diftilla^ 
tion and putrefaftion, fixed air, ammonia, hydrogen 
gas, and fulphureous hydrogen gas are obtained ; but in 
the firft, the heat being very powerful, forces more or 
lefs carbon from it's combination, which uniting with . 
hydrogen forms an oil more or lefs empyreumatic, ac- 
cording to the quantity of carbon; whilft in the fecond, 
when there is fufficient repofe and time for the azot to 
unite with the oxygen of the atmofphere, the nitric acid 
is produced. 

Thefe four acceflbries being the grand promoters of pu- 
trefa6lion without which it cannot take place, it follows, 
that fubftances which are favourable to thefe promote pu-t ^ 
trefaftion ; and on the contrary, thofe which impede. ; 
them, more or lefs prevent it. It is principally on thefe 
grounds that experiments have been made to find what 
fubftances promote, and what retard or prevent it; the 
firft have been called feptics, the other antifeptics. For 
many experiments of this kind we are indebted to Prin* - 
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gfe, Macbride/ Buckholz, Brugnatelli, Spielman^ Mor- 
ieau, &c., but great additions are nece0ary to determine 
the relative powers of feptic or antifeptic bodies with any 
cfcgree of precifion. ^ 

Pringle and Macbride were the iirft to make experi- AntUeptics^. 
ments to prove what thofe fubftances were that oppofed 
putrefaction. In taking the general concluiions not only 
cf the experiments of thefe two phyiicians^ but of thofe 
of Buckholz^ Frugnatelli, and Morveau, it appears^ 
that fubftances which are antifeptic are not only inci^Mi* 
ble of putrefaction themfelves^ but they deprive thofe 
which promote it of their energy, at leaflr in a greater or 
lefs degree ; among thefe are dry earths, aci^/i, alkalis, 
neutral falts, fpirituous liquors, eflential and empyreuma- 
tic oils, balfams, refins, fpices, bitters^ aftringents, fmoke 
of different kinds, and all gafes or airs, except thofe into 
which oxygen enters as a coQftituent part, as the atmo- ' 
fpheric air. ' 

AH thefe impede the putrefaSive procefs, at leaft, ani- 
mal fubftances are longer in becoming putrid in them 
thanwhenexpofedtotheatmofphericair,&c. Itislikewife 
found, that the fermentation of vegetable fubftances it ' 
increafed by a mixture of animal matter, and the putref- 
c«icy of the latter is correfted by the oppofite quality of 
the former. 

By making ufe of thofe means, which prevent putre- Preparadon 
fadion, and by the affiftance of thofe fubiiances that are 
called antifeptics, the bodies of animals or their parts^ 
may be preferved for a great length of time. This has 
been pra6lifed from the earlieft ages, by the name of em- 
balming. According to Diodorus Siculus, the ancient 
Egyptians were accuflomed not only to embalm the dead Art of cm. 
bodies of thofe animals their fuperftition had rendered ho- the^E^pT 
ly, but likewife human bodies whi^h were thus preferved '**"*• 
from a fpontaneous decompofitioo^ and are fo abundantly 
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to be found by the name of mummies. We are inform- 
ed by Herodotus, as well as the before-mentioned author, 
that the Egyptians had feveral methods of embalming 
the human body^ three of which are particularly noticed* 
To this difference in the procefs, Leonhardi attributes 
the different opinions phyficians and chemifts have bad 
of this ancient operation. 
T!S*^,"*^' 1. A hole was made through the noftrils into the era- 
nium, the bram extracted, and the cranium was filled 
with the embalming fubflance. The thorax and abdo- 
men were then deprived of their vifcera, except the heart 
and kidneys ; they were wafhed with Phcdnician wine, and 
jBlled with fweet-fcented refins and aromatics ; the opened 
parts having been afterward fewed up, the body was well 
«^aihed and cleanfed, and placed In natron, which isfup- 
pofcd to have been the mineral alkali united with com- 
mon fait, and found native in Egypt. In this alkaK,it 
remained about 30 days ; it was taken out and wafhed a 
fecond time, befmeared over with a gum or refin, care- 
fully enveloped with cotton bandages and place(}in a cof- 
fin. This method was very expenfive, but is the only 
one that merits the name of embalming. 

2. A cheaper way of preferving the body was to in- 
troduce various refins, particularly that from the cedar, 
by the anus, without opening either the belly or thorax, 
the body was then dried in natron, and afterwards the 
refin with the corroded inteflines were taken away. 

3. The cheapeft method confifted merely in waihing the 
body, ,and it's expofure to the aftion of natron, which 
we are informed deflroyed the flefh and only left the (kin 
and bones. ^ 

Opinions on With refpeft to the embalming fubflance employed 

itances em- on thcfc occafions there are various opinions. Some, .as 

^""^^ ' Rouellc and Vandermonde, look upon it to have been 

afphaltum mixed with the oil of the cedar feed ; whilfl 
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^rdley thinks, with the ancients, it was the refin of this 
ree, or fome other vegetable refin. Belloni and Blumen- 
^|ich are of opinion that afphaltum was ufed In common 
Iterations as being the cheapeft, and that, on particular, 
►ccafions, the odoriferous vegetable refins were chofen 5 
jjid the latter chemift, on the examination of ten different 
inummies, found no afphaltum, but very evident traces 
►f vegetable refins. It is, however, certain that the fub- 
lances for this purpofe were not always of the fame 
dnd. 

The art of embalming the human body has likewife Attempted 
Deen attempted by fome of the moderns, but the mere ^^ ***^ ^^' 
iftion of faline bodies, and filling the cavities of the body 
mth aromatic herbs, were found not' to be fuflScient to 
)referve it from putrefa6lion. The beft and perhaps the 
>nly method worth attention is that pointed out by Dr. j^ „ 
lunter. As foon as the corpfe is become cold and ftifF, 
nd before any fymptoms of putrefaftion appear, it is to 
le well wafhed with warm water; ope of the lare;e 
rteries is then to be laid open, and the following injec- 
ion to be forcibly made to enter the fmalleft veflTels, even 
bofe of the cellular membrane. Two parts of the oil of 
hamomile are to be mixed with eight parts of oil of la- 
ender, and fixteen of oil of rofemary ; likewife the oil of 
irpentine may be either ufed alone or mixed with a little 
f the oils of rofemary and lavender; or, to give it aco- 
)ur, a little cinnabar may be united with the oil of tur- 
sntine. The different vifcera are in a (hort time after to 
2 extracted, the inteftines to be carefully cleanfcd of 
leir contents, and the reft of the vifcera to be deprived 
■ their moifture by wiping them repeatedly with dry 
wels ; the body is likewife internally to be clean fed 

it's blood and injefted oils, by fqucezing the * 

jffels ; the arteries are then to be injefted as well as the 
her large veffels that have been cut, with a mixture com- 

R 2 . ' 
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pofed of 6 lb. of oil of turpentine, 5 oz. of turpentim 
ll'oz« of cinnabar, S oz. of camphor, and 3 Ib« o 
ftrong fpirit of wine ; ' with this libewife the flefliy partf 
that have been well deprived of any moifture are to be 
carefully anointed, the veffels of the inteftines to be in- 
jected, and then to be replaced in their former fituation, 
(battering a fufficient quantity of a powder about them, 
compofed of 10 lb. of yellow refin or pitch, & lb. of 
faltpctre, and 5 oz, of pulverized camphor, fo thai every 
vacancy. may be perfe3:ly replete with it. Afterward, 
when a little of the inje£ting liquor above nientioned 
has been poured into the thorax and belly,-the ikin is to 
be clofed, the mouth, pharynx, and Ijarynx fyringed and 
filled with the powder, together with the cavities of the 
ears, nofe, anus, parts of generation, eyes and eyelids, 
and the whole body, after having been previoufly waihed 
and rul^bed dry, is to be well rubbed with alcbhol aod 
camphor, and finally witb the oils of rofemary and laveti* 
der. The body being thus embalmed, in order to deprive 
it of any remaining moifture, it is to be laid in a coffin 
upon fome calcined and finely pulverized gypfum, fo as 
to be on all fides about half covered with it 5 pieces of 
camphor are to be ftrewed about, and a range of open 
bottles filled with volatile oils ; the coffin is then to be 
well clofed, having a lid with a glafsin it. In about four 
years the gypfum fhould be renewed, and when the body 
is perfeftly dry, it may be difpenfed with altogether. 
of adraais Befidcs the embalming of the human body, chemiftry 

rilift^."" ^^ ^'^'^ ^° ^^^"^^ S^^^^ afliftance to the naturalift in the 
preparation of quadrupeds, birds, and other animals that 
compofe Gollefl;ions of natural hiftory. It affords tfie 
• mod proper means not only of being able to give them 

duration and confiftence, but to make them deviate as 
little as poflible from the living ftate, that by their atti- 
tudes and moft natural pofitions, they may be enabled to 



cfxhtbit in great perCeftion both' their inftinft and cha- 
tifiter^ circumfFdnces of great importance in the fcience 
ofiiatural hiftbrj^. ' 

' For thefe ejfeds, the'ttiethod« publi(hed by Reaumur 
in the 4Atb ^oh of the Philofoph. Trans., and thofe rel^- 
^d in the Dift. d'Hiftoire Naturdlle, when chemicaliy 
examined, " are far from being fatisfaftory. Independent 
jrf the method of en\balming propofed by Dr. Huiiter 
)t;ft mentioned, which may be applied alfo to fubjefts 
Mned for natural colleftions, feveral cbemifts have 
given diredions for that preparation ; amongft the prin* 
pipal of which are Kuckham, Chaptal, and Pinel. 

Kuclcham publi (h^d a procefs for the preparation of birds Method of 

mthe 6dth vol. of the.Philofoph. Trans, His coinpofition "*^ ^"^ 

topreferyethem from putrefa&ion is a mixture compofed 

of aquarter a pound of corros. fub»; half a pound ofcal- 

cined falipetre ; a quarter of a pound of calcined alum ; half 

A pound of flowers of fulphur; aquarter of apoundofmufk; 

one pound of black pepper^ and one pound of pulverized 

tobacco 5 thefe are to be kept in a wcli-clofed glafs veflel, 

«id in a dry place* The corrofive fublimate is very fatal 

toiafefts; and, aecordingto Pinel, the onlyobjeftion to PincL 

the mixture is the expenfe. 'He therefore fubftitutes the 

following in it's place ; equal parts of corros. fubl. or 

arfenic, calcined alqm^ camphor, canella, or any other 

isromatic, are to be pulverized and mixed together. Pinel 

has likewife made ufe of a varnifh with great fuccefsj it 

Was, he informs us, at firft kept a fecret, and is a very 

Aire means to prevent the gerieration of iofefts in the 

Ikins of dead animals, or to deftroy theni when hatched f 

To that for three or four years, until they cart be conve* 

ijeutly placed in <he' collection they aVe deftined for, the 

cecping them under cafes of glafs may be difpenfed with* 

;t is compofed of the following articles : Four ounces of 

mlverized arfenic are to be put into one pound of brandy, 

^ R3 
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the mixture heated gently^ fome black foap and aloes arc 
then to be added, fo as to form a kind of magma, which 
jnuft be lightly extended whilft warm in the interior of 
the animal with a brufh, the foft parts having been 
taken away;, the, fame procefs muft be applied to the 
internal furiace of the fkin. When ufed, he recommends 
it to be diluted with alcohol. Immediately after it's ufe, 
the preparation fhould be mounted^ as the evaporation of 
the fluid part occafions the (kin to become bard and diffi- 
cult to foften again. * 

It is with this magma that cotton or fl^ ought to be 
impregnated, with which the internal parts of animal 
bodies are to be filled, and it is found to be far fuperiof 
to the mixture compofed of a folution of camphor in rec- 
tified fpirit of wine, which is commonly ufed in thi5 
country. It is iikewife neceflary that the zoologift (hculd 
be provided with cauftic foda, a folution of which cor- 
rodes the foft parts, and by uniting with the fat part$ 
forms a fpecies of foap that is afterwards eafily taken out 

Chaptai. by repeated lotions. Chaptal recommends the cranium 
and inteftines, when deprived of their contents, to be 
fyringed with vitriolic ether. 

Small animals, or the parts of large ones, are 
ufually preferved by being kept in fpirit of wine ; for 
this purpofe, it is obferved by Leonhardi, that a little 
water and a fifth part of fpirit of fal ammoniac (hould be 
added, which will preferve the colour and foftnefs. 

A method of preferving anatomical fubjeds in a very 
perfect manner, is the following. It is faid to have been 

Sheldor. made ufe of by John Sheldon. He inje<Sis feveral parts • 
of the body with ftrong fpirit of wine, faturated with cam- 
phor, and mixed with a fmall portion of turpentine. The 
(kill is prepared with finely pulverized alum, rubbed ou 
with the hand. The inteftines are taken out and covered 
with a varnifli, compofed of a mixture of camphor, and- 
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common refin. All the internal parts of the body lin- ' 

dergo the fame operation, and are afterwards rubbed with 
^ alum. The body thus prepared is laid on a bed of cal- 

' cined chalk to the thicknefs of one inch, in order to ab- 
ibrb all humidity, and is then placed in a double cafe of 
"wood, the inner of which is of cedar. In this maimer 
he has been able to preferve the body of a young woman 
for feveral years, which retains it's form and appearance 
nearly as perfeft as in life. Even the natural tint of the 
flcin of the face is preferved, by a coloured inje&ion im- 
pelled through the carotids to produce that effe£F. 

Chauffier has difcovered, that if the bodies of men or Chaufller. 

. other animals be plunged for fome time in aJolution of 
corrofive fublimate, and then dried, they affume the 
confiftency of wood, and the air produces no efre6k 
upon them afterward 5 and if the bodies be injefted prer 
. vioufly, they will retain the colour and appearances of 
life, and confequently form mummies more perfed than 
the Egyptian. 

It is well known, how difagreeable and very incon- FoArcroy. 
venient that putridity is to the anatomift, which often fo 
foon takes place in bodies or their parts under difle(9:Ioa, 
and to Fourcroy it is, that we are indebted for a method 
by which thefe inconveniences may be prevented: it con- 
fifts in fprinkfing the parts with oxygenated muriatic acid. 
He informs us, the abdominal mufcles of a fubjeA for 
demon (I ration having been removed, and the cavity of 
the abdomen laid open, notwithftanding the contents 
were carefully removed, it was found to exhale a confide- 
rable putrefa6live fniell ; care, however, being taken to 
wafh the whole internal furface with the liquid oxygena* 
ted muriatic acid, the odour was immediately deftroyed, 
and the ftudents that had quitted the body foon refumed 
their filuation without being afterwards incommoded; 
they alfo continued their difledtion in the abdominal. 

R 4 
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cavity^ and in the cheft, which was alfo waitied with 
the fame^ for a much longer time than ufual without per*' 
ceiving any degree of fetor. A mild and humid ilate of 
ttie air^ during which the putre&dion of bodies i^ 
known to proceed very rapidly^ produced little effeA Cv. 
the fpace of eight days, on the body fprinkled by the 
acid, whilft in the fame period other bodies had ac* 
quired the higfaeft degree of putrefadion. ^The mufcks^ 
the' nerves, the vafcular membranes, and all the other 
parts continued firm and without alteration. 

This chemift therefore advifes, that in bodies for dif- 
fe&ion, the parts fhould be fprinkled as they are laid 
open. This method, which will preferve bodies fer 
more than fix weeks, taking care to repeat it from time 
to time, is eafily praftifed, as a fponge dipped in the 
acid is flightly rubbed oven the parts, taking c&re to avoid 
Ae vapour by turning the head afide. 

He likewife advifes the ufe of this acid for another 
purpofe during difiefiion • One of the great difiiculties ia 
difle&ing the foft and pulpy parts, as the brain^ cerebel- 
lum, medulla oblongata, and fpinal marrow, is the 
want of firmnefe in their ftrufture, and the confequent 
yielding of their particles to any impreffion. This foft* 
nefs likewife renders them very liable to change by pu? 
trid decompofition, and they become oftentimes fo putrid 
in a few hours, as to make it impoflSble to determine 
• their ftru6hire, although thcfe parts, to be well under- 

ftood, require a long and attentive examination^ It has 
been propofed to heat them ^ little above 45^ of Reaumur, 
to give them a firmer confidence, and although the al- 
buminous matter which forms their bafis is fufceptible of 
this denfity from the imprefl!ion of heat, it is not fufiir 
cient for the anatomift, as the foft fibres of thefc organs 
are compreflcd together, and become lefs apparent after 
the operaiion. Fourcroy, therefore, thinks he Jlasdif- 
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<30Vf»red a more advantageous method. Having ob- 
ferved that all animal fubftances, efpeciaHy the (kin/ 
membranes, &c^ become firm artd compaA after mace- 
ration for fome hours in liquid oxygenated nftiriatic acid", 
and that their fibres were made to approach each othef 
in a remarkable manner ; he fteeped a human braiQ for 
eight hours in this liquid, and afterward plunged it once 
or twice in frefli water to wafti off the acid, and found W$ f 

fubftance became firm, was readify cut, and it's tiiliie 
not diforganized by gentle preflure, as is getiHerrally tfa6 
pafe with this organ. It alfo preferyed it's whitenefs and 
confiflence for more than eight days, and did not become ' 
putrid in near ^he fame time as in ordinary circum- 
ilances. 

The utility pf this property of the acid, in hardening 
|md preferving animal fubflances, is likewife extended to 
the foft,and almoft mucous flefh of moft fifhes, and the^ 
glairy fubftance of worms, fnails, &c., which is of great 
importance in the aft of anatomy. 

Having defcribed the phenomena^ and the circum- 
Aances attendipg atmofpheric putrefaAion, and the me^ 
thods of preferving animal fubftances from it, an account 
of the decompofitipn they undergo, on expofure to other 
mediums, may be a means of throwing fome light oa > 

the revolution the animal creatioq goes through in it's 
various metaniorpbofes. 
2. Terraneous putrefa^'tGn, 

The phenomena which take place wheri bodies afc 2. Terra, 
buried in the ground are different from thofe which fol- Jl-cftaKwu 
low on expofure to the air. It appears their deftru&ion 
varies according to the nature of the foil. Sometimes bar- 
dies are found to have undergone a total decompofition 
after a very fhort interval, and at other tinics, as is the 
cafe with mummies, centuries are neceffary entirely to . 
deftroy them. It is eafy to conteive^ according to Fourt 
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croy, that if the earth be very porous and movable, if 
the animal matter be buried at a fmall depths the air^ and 
cfpecially the water, which can have no difficult acccfs 
to it, will facilitate it's decompofition, whilft in oppofite 
circumftances it muft be much flower ; thus, for exam- 
ple, if the earth be dry, it will abforb the aqueous part 
of the bodies, exficcate and convert them into mummies, 
as is the cafe in Egypt, where a fandy foil expofed to a 
burning fun gives them a hardnefs that defends them 
from deftrudlion for ages. On the contrary, if the bo- 
dies be buried in argillaceous earth, which retain* the 
water, the deftru£tion is accelerated. In thofe cafes 
where the decompofition takes place more or lefs (lowly, 
the fluids and the folids become at lad reduced almofl: to 
azot, carbonic acid, hydrogen, and alkaline gafes. All 

4 

tbefe elaftic fluids being filtered through the earth, efcapc 
and experience other viciflitudes; but as the fpoptaneous 
decompofition of animal matters, efpecially when buried 
in large mafles in the earth, affords fome curious and 
Angular refults, it will be neceflary to give a more detail* 
ed account of them, fuch as they have been collefted by 
Fourcroy, in a memoir written on the bodies found in 
the churchyard of the Innocents at Paris. 
Bodies in It appears that the earth of this churchyard had been 
fcenis at ' furcharged for many ages with bodies delivered up to 
P^ns. putrefadion in large mafles, which in confeqiience might 
be fuppofed to have a different effeft from that of other 
cemeteries, where each body has it's peculiar lot of 
ground, and where nature is able to fcparate it's elements 
with facility and promptitude. The calculations of fome 
philofophcrs had indeed extended the total deflruftionof 
a body to about fix years, from the obfervations made 
upon common burying places ; but thcfe could not be 
applicable to the cemetery of a large city like Paris, in 
which many fucceflive generations of i^.'s inhabitants had 
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been buried for more than three ages ; for nothing. indi- 
cated that the entire decomupfition of a body might be 
prolonged beyond forty years, nor could it be fufpefiled 
what a Angular difference nature was able to prefent in 
the deftru6lion of bodies buried in large quantity, and of 
thofe only ifolated in the earth ; nc^r could it be known 
what might be the efFe6ls of an earth many yards deep, 
the ftraium of which was inceflantly expofed to putrid 
emanations, and faturated with animal effluvia, upon new 
bodies placed in it j thefe, however, have been difcovered 
by Fourcroy, forming an important addition to the hif- 
tory of animal decompofitioh or putrefaftion. 

The remains of the bodies buried in this churchyard Found in 
were found* in three different ftates, which appeared tOentftai^i. * 
depend on the time they had been inhumed, the places 
they occupied/ and their difpofition relatively to each 
other. 

1 . The oldeft only offered to obfetvation a few portions 
of fcattered bones placed irregularly in the foil from hav- 
ing been often diflurbed to give place to others, and ia 
which nothing appeared except their difference from 
other human bones that had not been in the earth, and it 
was with refpeft to the foft parts including the teguments 
that the two follow^ing differences w^re obfervable. 

2. Of the ifolated bodies, the fkin, mufcles, lendons, 
and the aponeurofis, were dried, brittle, hard, of a more 
or lefs gray colour, and refembled the mummies in the 
catacombs at Rome, or in the cellar of the Cordeliers at 
Touloufe. 

3. The third, and moft curious ftate, was found to 
exift in the foft parts of the bodies that were accumu- 
lated in th^ common pits. Thefe pits were above thirty 
feet in depth, twenty broaxi, and of the fame width ; they 
were dug in the cemeterv for the reception of the bodies of 
the poor, which were placed i|i clofe ranks, in coffins. 



f5f PUTRBPACnOir. 

fp that the whole pit was a mafs of bodies feparated only 
by the thin fides of the coffin^ and each pit' contained 
from 1000 to 1 500 bodies. Three years w^re fie'ceflaiy 
to fill, one of tbem^ and they were opened a^ain to re- 
ceive other bodies not fooner than fifteen years^ hor later 
than thirty years. The gravediggers had, howeveri 
been taught by experience, that ^his period was infufficient 
for the total decompofition of the body, whilft the alte-r 
ration it underwent during the time was well known to 
tfiem. This change likewife ftruck the obfervation of 
Fourcroy, in the very firft pit he was prefent at whei^ 
opened. It had been filled and clofed about fifteen years^ 
The fid^s of the coffins were found, an4 tinged of a yellow 
colour. On taking off the lids, the bodies appeared fla( 
as if they had been prefifed, and when the fhrowd was 
removed, the matter that fiOrounded the bones was ii^ 
irregular mafies of a foft duAile confidence, and grayifi) 
colour. On preffing this matter with the finger, it gave 
way and broke. It refembled in appearance common 
white cheefe, and the print of the linen left upon it's 
fui-face heightened the refemblance. On rubbing this 
fubftance, it became foft. The gravediggers were accuf- 
Tf»eirCTiri. tomed to Call it fat, from it's great fimilarity to that fub- 
?on*intra' fiance, but they only found H in bodies buried in maf?, 
fatmwter. ^j^j ncver in the ifolated ones. There was no infefilious 
or very difagreeable odour perceived. Thi^ chemift exa^ 
mined many bodies of this kind, but all were not equally 
far advanced in this Angular converfion, fome of them 
had ftill portions of mufcles remaining amongft thefe 
white fat mafles, which were recognized by their mqre 
or lefs red colour and fibrous texture. In the bodies to- 
tally converted, there was no veftige of either (kin^, piem- 
brane, mufcle, tendon, veflTel, or nerve; the grayifli 
white mafs that covered all the bones appearing like cel- 
lular men^brane, which, according to thjs chemift, might 



Induce tn opinion of the mucous part being the real bafis 
of this "fingular matter. On examining further^ it was 
found that all the vifcera were likewife fo changed as to 
leave fcarcely any trace of them ; the abdominal cavity no 
longer exifted^ and it was in vain to feek in the greater 
number of bodies either for the iituation or fubftance of 
the fiomach^ inteftines,ibladder^ liver, kidne]^, or womb; ' 

all were, to ufe the expreffion, melted down into thia 
fiitty matter. It was the fame with the cavity of the tho- 
rax, it no longer exifted. It's vifcera were often entirely 
changed, and the^greater part had difapppeared, nothing 
remaining but fome lumps of this white fat. He found 
this matter, which is the produA of the decompofition of 
the vifcera charged ii^ith blood and.different humours, to 
differ from that on the external part of the body and 
bones, by being always of a more or lefs red or brown 
colour, and that the fat parts aflbrd a much greater quan-* 
tity than the Others. 

The face, in general, was no longer to be recognized; 
the mouth was diforganized, and without tongue or pa- 
late 3 the cartilages even of the nofe partook likewife of 
the general alteration ; the orbits, the ears, were equally 
<^hanged. The fkin, howeVer, retained the hair, which 
'appears to fubfift the longeft, and make the greateft re* 
Mence to every change, whilft the brain was always 
prcfent, but converted like the other organs. 

With refpe6l to the modifications of this fubf&nce, 
it's confidence was not always the fame ; in bodies the 
lateft changed,' /. e from three to five years, it wasfoft 
and very duAile, vevy light, and contained a large por* 
' tioh of water ; in thofe which had been changed from 
thirty to forty years, it was more dry and brittle, it's 
foliated texture was much denfer ; and in fome bodies 
where the foil was dry, portions' of it were become femi« 



154 VUtRXFACTlOH. 

tranfparent, and it's afpe£l> texture^ and bnitlenefs^ very 
yfcW imitated wax. 

The epoch of it's formation has likewife a great influ* 
encc on the nature of this fubftance ; all that bad beea 
formed a long time was in general white, homogeneous^ 
without any appearance of fibrous or foreign matter^ and 
this was more particularly the cafe with the (kin of the 
extremities* On the contrary, in bodies recently con- 
verted, it was not fopure; there were fome portions of 
the mufcular, tendinous, or ligamentous parts^ the tex- 
ture of which, though they were altered in colour, was 
Hill to be recognized ; but thefe were more or lefe pene- 
trated with fat matter, to be feen between the interfiices 
of the fibres. Hence not only the fat parts, but the 
other parts are really converted into the Tame fubftance, 
although the firft undergo the change much more eafily 
and quickly. 
Two varie- From the obfervations of Fourcroy, it appears, there- 
ties of it. £qj.^^ ^j^^^ amongft the modifications refpeding the flate 
of bodies converted into fat, two varieties may be diftin- 
guifhcd ; the one dry, friable, and brittle ; the other 
foft, and du£lilc ; to which may be added, that the firft, 
which is oftener found in bodies placed near the furface, 
not only differed from the other by the water it had loft, 
but it had undergone a new change, and it had loft one 
of it's principles by volatility, fo as no longer to be of the 
fame nature as the other, as will appear. . 

This fat matter, in fome of the bodies, was very beau- 
tiful, it's furface brilliant, and of the colour of gold and 
filver, and appeared covered over with a flight ftratum of 
xnica, whilft fome points were of a red, orange, and car- 
nation colour, and of extreme brilliancy, more particu- 
larly near the bones, which were themfelves penetrated 
with it. 
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From the account of the fexton, it feems nearly three Progrefs of 
years are neceflary for a body to become changed in the tion in ifo- 
earth, and the fuccelfive alterations they undergo before ^^^^^j^t. 
they arrive at the date already mentioned, arc the follow- c<ibo«ii«. 
ing : the inhumed bodies appear not to be fenfibly 
changed in colour before feven or eight days, and this al- 
teration firft takes place in the lower belly, as is the cafe 
-with thofe bodies not inhumed. The belly fwells, and 
appears to be dift'ended by the elaftic fluids difengaged 
from the incipient decompofition, and this follows more 
or lefs early, according as the belly is more orlefs large 
and filled with fluids,' the depth it is buried, and more 
particularly, according to the more or lefs warm tempe- 
rature of the air. Hence, if all the circumftances fa- 
vourable to this firft degree of putrid decompofition be 
united, a very fat body, the abdomen pf which is expof- 
ed to moifture by being buriccl near the furface, and the 
feafon warm, will become fwelled in three or four days, 
whilft a meagre body, deeply inhumed, and in a cold 
feafon, will remain feveral weeks unchanged. It is a faft 
worthy of obfervation, that the ftate of the atmofphere 
during a ftorm has great influence in producing this fvvel- 
ling, and the expreflion of the gravedigger is that the 
belly bloats at the approach of florins; this didention in- 
creafes until the parts are fo extended and relaxed by pu- 
trefaftion, as to burft with a fort of explofion, which 
happens near the umbilicus, and fometimes around the 
navel ; from this wound runs a fanious, brownifli fluid, 
of a very fet^d odour, and at the fame time a very me- 
phitic elaftic fluid is difengaged, the dangerous effects of 
which the gravediggers have learned to dread from cs;- 
perience. Multiplied experience likewife, which tradition 
has confirmed, has inflru6led them, that it is only at this 
period the miafmata difengaged from putrid bodies have 
any effeft, from which real danger is to be expedied. We THedangw- 
are informed by tins able fchemift, that fo ftrong is this them. 
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gis, that it feveral times happened when the pickui 
has accidentally ftruck upon the lower j>elly^ ah elafi^! 
flaid ofcaped^ from which the perfon employed was itil«. 
denly ftruck down in afphixy^ and hence arifes the dari^j 
gers of the fexton; but for a further account of this im» 
afma^ vide article Miafmata. 

The diftention and rupture of the lower bdly equsBjf 
takes place in bodies heaped together as in the pitSj and 
thofe that are ifolated ; but the changes which fucceed 
this firft period of fpontaneous decompofition are^ as has 
heen already mentioned^ very different in each. 

The ifolated bodies being furrounded with a Xtsx^ 
quantity of moift earth are entirely deftroyed, and pre* 
vented therefore from undergoing all the fucceffive degrees 
of common putrefaftioc ; this deftrudtion is the mors 
quick^ the more humid the body is^ and according as tbe 
heat or coldnefs of the feafon is accompanied with humi- 
dity. If^ on the other hand^ the ifolated bodies are dry, 
or emaciated; if the earth in which they are placed is 
acid and void of humidity; if the attnofphere is dry, or 
if the rays of the fun falling on the furface favours and 
accelerates the evaporation ; all thefe circum fiances uni- 
ted exficcate the bodies by abforbing or volatilizing the 
aqueous parts, and by contraSing the folids, fo as to 
give rife to thofe fpecies of mummies before mentioned. 

In the pits, every thing is different, the great mafs of 
bodies heaped upon each other, and at a great depths 
are not as, the ifolated ones are, expofed to the influence 
of external agents, or if at all, in a very inferiour degrei; 
hence the changes they are fubjeft to depend on their 
own fubftance. 

When the rupture of the lower belly has taken place^ 

the abdominal putrefa6lion that caufed it appears to have 

already diforganized the vifcera of this cavity, the fto- 

: xnach and inteftines no longer form a continued mem- 
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Bhanous tube. Broken in many parts, and already dif- 
Iblved into a putrid fanies, this procefs becomes more ra-* 
pid" and totally deftroys the texture; the parenchyma of 
■the liver, however, from it's folidity perhaps, feems to re- 
fift this feptic menftrnum, the putrefaAion does not ad- 
vance to a -complete deftru6Hon from the deficiency of 
humidity, and fuch undoubtedly is the caufe of thofe * 

. frao-ments of fat that are found inftead of all the abdo-* 
minal vifcera. * 

^ The putrefaftion excited in the abdomen foon commu- 
nicates with the thorax by diflblving the fibres of the 
diaphragm ; hence the more or lefs complete, deftruftion 
of the veflels, membranes, and all the foft parts of this 
cavity, every thing announcing that it's diforganizatioa 
goes on at the fame time as the abdomen's, or atleaft very 
foon after ; hence in this part only a few irregular mafles 
of fat remain. The fame diforganization takes place 
with more or lefs energy in all the mufcular, tendinous^ 
and ligamentous parts that furround the bones, according 
to their foftnefs and the quantity of their aqu^us parts; 
the converfion into this fat fubftance fucceflSvely pervades 
every part ; every thing that is membranous and more 
'or lefs mucous is deilroyed and difappears, and there 
is no longer any trace of Veflels, nerves, or aponeu- 
rofis in thofe mafles of fat that cover the bones of the 
extremities; all are converted into this fubftance. 

Fourcroy, on examining the other cemeteries, found 
that the fame alteration took place in the inhumed bodies 
as ill that of the Innocents ; hence the formation of this 
curious fubftance does not belong exclufively to the foil, 
but takes place perhaps univerfally where bodies are buried 
in large mafles by the fide of each other, and where, be- 
ing lefs expofed to the afti'on of thofe agents that operate 
in common external putrefadion, are only expofed to the 
reaction of their own component parts on each other. 
VOL. in. s 



To this may "be added^ that this chemift likewHe found 
on vifiting a great number of burial places in Paris^ thai 
the change of bodies into mummies by exficcation wai 
much more common in a great number of foils than if 
generally fuppofed. 
The con- The bodies converted into' this -fubftance in thofe piti 
f^arrei" ° that have been filled up for 40 years, prove, that once art 

laaiw'pii. ^^^ ^^ ^^^^ ^*^^" ^^^y ^^^ capable of being preferved $ 
««fi^ long time without being fubjeft to intire deftruSioBj 

whilft nature at the fame time, who {pares nothing, muft 
certainly be in poflefiion of fome means of decompofidg 
this new ^ubfiance, and of reducing it again toit'sekr 
ments. What became of it when formed, this celebrated 
chemiil was defirous of finding out, but the moft exp^f 
enced and oldeft grave diggers were not able to afford him 
the lead fatisfad^ion on this interefting point. Some 
h&s however, appear to authorize a belief of his haying 
difcovered one of the proceflTes by which it is detached 
from the bones, and decompofed. 
it»s« final In fome pf the coffins that had been deransred from their 

dcconipou- , , , 

tion. horizontal to an oblique pofition from part of the earth 

having given way, the inferiour portion of the body was 
found reduced to the ilate of a (keleton, whilft the fupe-* 
riour part ftill preferved it's maffes of fat : hence a men- 
ftrual caufe was looked for that had afted on the lower 
without touching the upper part. 

On examination, this chemift found in the inferiour 
part of the coffins a brown and foetid fluid, the earth 
about them was likewife moift and penetrated with the 
fame matter as the water in the coffins ; thefe were only 
to be found, however, at the bottom of the pits, and ia 
general the fat of all the bodies that occupied this region 
w^s the fofteft, the moft changed, and the leaft in quan- 
tity. Jhefe phenomena indicated to him the aAion of 
rain water which had filtered itfelf through the. eart^ 



was collefted at the bottom of the pits, where it bathed 
that part of the bodies vvjthin it's reach, and was im- 
bibed by the fat matter. This account was corroborated 
\xy the gravediggers, who obferved, that after long and 
heavy rains the foil at the top of the pits is apt to fink 
for fome inches. This proves the reafon of the diminution 
in themafs of bodies, the fat oV foluble part of which is by 
degrees taken up by the water, and diftributed in more 
minute particles to the furrounding earth, and in which 
this chemift found the elements of this peculiar fub- , 
ftance. Such is the progreffive fucceffion of the natural 
phenomena obferved by Fourcroy in the changes bodies 
undergo in the earth; but he very properly adds, it is 
only an imperfeA (ketch of a great piclure, to which fu- 
ture chemifts pauft add the finifhing touches. 

To render it more perfeft, and to know and dcfcribe, 
m all it's ftages, ^he flow and gradual decompofition of 
dead bodies inhumed in the bofom of the earth, is a la- 
mentable taflc ; it is to be indefatigable for an age in the 
moft forrowful inveftigations, and to live amongft tombs^ 
and breathe the noifome effluvia arifing from them. 

From the experiments which Fourcroy made on this Expm- , 
fat matter, it appears that it is an ammoniacal foap formed ^feUationi 
of a peculiar concrefcibk oily united in different proportions ^^ ***® ^*'* 
wiA ammonia; and that this foaplikewife contains fmail 
quantities of the phofphats of ammonia and lin^e, which, 
however, do not enter the faponaceous combination, but 
are only interpofed between it's particles ; their quantity 
iikewife varies in a Angular manner. 

With refpeft to the proportion of ammonia, it is al- 
moft impoffible to afcertain how much the fat contains.' 
Its proportion varies according to the time it has been 
taken out of the earth, as Was proved by it's flow de^ 
compofition when expofed to the air, for the ammonia 
not being^very adherent, an external heat above 13^i« 

s2 
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fufficient in time to effefl: it's fepardtioti ; the prcit>ort&o73 
likewife probably varies at the period of it's formation ia 
each body, which depends in particular on the nature of 
^the body itfelf. This matter therefore is not to be. re- 
garded as always identic, and as containing the fame 
principles in the fame proportion. The ftatc of each 
body, the epoch of it*s buria,!, the fituation^ the. height 
it occupies in the pit, the number of bodies, the difpo- 
fition, the greater or lefs quantity of them^ muft have 
, great effefl: on thcx difference in the quantities of the com- 
ponent parts of this foap. Likewife when it is exppfed to 
the air on being taken from the pits, the*^ proportion, of 
it's principles will vary according to the place it is ezpofed 
in, the iize of the pieces, and the temperature and dry- 
nefs of the. air. But the mod elTential pamt tokoow, isj 
that this foap continually tends to decompofition, that 
the ammonia is by degrees difengaged, and that at lift 
the febaceous matter which makes the bafis of it is left 
intirely naked and in the form of a yellowiifh oily concrer 
tion, femitranfparent, dry, brittle, and granular in it's 
frafture. 

This fat is difTolved neither by cold nor boiling water, 
but it abforbs it with fuch activity, and adhere* to it in 
fuch a manner, that it retains a great quantity which An- 
gularly augments it's volume. This adherence renders 
the water thick ami vifcous, and prevents it from paffing 
through the pores of the filtering paper. On the addi- 
tion of fulphuric acid, Fourcroy found, that a gas, or 
rather an odorous efHuvium was extricated, of an infupport- 
able fcetidity ; it was very fixed, and infefted the labora- 
tory for feveral days afterwards, although the windows 
were often kept open. This gas, therefore, is very diffe- 
rent from that of common fat. By the nitric acid aaot 
gas was only extricated, when the fat contained the re- 
mains qf fibres; when pure it affords carbonic acid ga& 



Tbis^tl^^ tft concrete oily matter> appears^ to be dtficrent is anew 
fom all o^hers-hitherto difcovered, and is a new produ£t 
Ltifing- from the decotnpofition of bodies under certain 
nrcumftainces, > whicb bad efeaped the attention of 
^emi(i«. For a particular account of it vide animal oils. 

A fimilaTvdecompofition appears to have taken place in A funihr 
a liver, which although it had been expofed to the exter- in a hjmaa 
nal air, feems, by having become ex^ccated, to have ef- **^^'' 
caped the total decompofition which is the confequence 
of fuch expofure. In the beginning of the year 1785 a ' 
piece of liuman liver was examined by Fourcroy, which 
he-received from Poulletier de la Salle; this liver had 
been expofed for more than ten years to the open iair fuf- 
pended b;^ a packthread firing. It had at firfl given out 
a difkgreeable putrid odour, bad been in part deflroyed by 
yie larvas of ieveral ]nfe<3;s, but without being totally dif* 
Colved by putrefaction, was become reduced by degrees to 
a gray friable matter, and for three or four years appeared 
tiot to have undergone any new alteration. From the 
Brft afpe6t of this piece of liver it might have been niif-. 
taken for an earthy fubftance, analogous to that called 
aoineral agaric ; on a clofer examination however, fome 
portions of dried membranes of a brown colour were very 
evident, together with fome vafcular parts equally dried. 
When rubbed between the fingers it was greafy and foft 
to the touch, refembling foap. From the experiments 
this chemift made upon it, although he was limited as to 
the quantity, it appears to be analogous to what he found 
in the remains of the bodies aboye mentioned, inhumed 
in the cemetery at Paris, or in other words, that it was a 
concrete oil refembling fpermaceti. 

ift. A fmall portion of it placed on a hot coal at firft 
became foft, and exhaled an odour fimilar to burnt fat j 
it then melted, fwelled, and became black j on incinera* 

S3 
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tion, the light carbonaceous matter, was convefted into a 
white afh. 

3d. On dlftillation^ half an ounce afforded a few drt)pi 
of a white aqueous infipid iluid^ which was-foon fuo- 
ceeded by a thicker fluid, and an oily white fmoke, which 
was condenfed in the neck of the retort into a white con- 
, Crete matter; aftenvards a very putrid difagreeable odour 
was perceived, the concrete oil became of a ruft colour; 
carbonated hydrogenous gas was obtained. A great 
part of the liver had pafled without decompofition. The 
concrete oil in the neck of the retort had a lamellated and 
cryflalline appearance. The produ&s fhowed no figns of 
either an acid or an alkali. 

3d. Two ounces of hot water diffolved a little out of 
one drachm. The folution was white and opake, had a 
flight foapy odour, and fenfibly changed the fyrup of vi- 
olets green ; the undiflblved portion melted by heat, 
eryflallized on cooling, had a fat odour, and inflamed; 
this flight folubility fliowed it confided of aa oily con- 
"crefcible matter. 

4th. A drachm of it triturated with half an ounce of 
the cauftic lye of potafli produced a flight odoui of am- 
monia; boiled for half an hour and filtered, the folution, 
on cooling, became concrete, of a brown colour, and dif- 
folved in every proportion in boiling diftilled water, leav- 
ing no refiduum. It appeared that the whole of ihe live^ 
had been diflblved by the alkali, even it's membranous 
and fibrous parts. This folution in water frothed very 
ilrongly on agitation, and on cooling depofited fome white 
light flakes. Limewater, acid, and earthy neutral falts 
precipitated them more abundantly. Hence the alkali 
had diflblved a fat oily matter, and formed with it an ho- 
mogeneous foap. 

5th, Two ounces of alcohol with one drachm of the 



levigated liver expofed to a gentle heat diflblved about 
half of It, and the refiduum treated twice more with ai* 
<K)hol, there only remained SO grains undlflolved, formed 
of membranes and vefiels that had ^fcaped the a&ion of 
the alcohol. On the addition of water^ a fubftance was 
precipitated in the form of white flakes, wtuch was a 
^concrete oil refembling fpermaceti, for which vide ammd 
cils, 

6th. The oil exprefTed from the liver after expofure to 
•a heat of 68^ of Reaumur, in water, and rendered con- 
crete by cold, had nearly all the {)roperties of .that dif- 
folved in alcohol, except^ firft, it had more eolour, and 
was more fetid. Second, it contained a porticm df foap, 
which the water had feparated from the alcoholiic folution 
in the firft infiance. 

7 th. The portion of foapy matter regarded as an ex- 
tra6l in the firft experiment, excited the attention of this 
chemift. It was cert^dn that water as well as alcohol ex- 
traAed it from the dried liver; but there was loo little of 
the liver left to make any experiments upon to find out 
the nature of this foap. It appeared to be formed of the 
fame concrefcible oil as that extraded by expreffion, &c. 
It was even conjeAured by this chemiil, that before the 
complete alteration of the liver, and it's total converfion 
into a concrete oilv fubflance, this oil was at firfl in a 
foapy date intirely united to foda and ammonia, fince it 
appeared that the portion of ammoniacal foap flill re- 
maining in this piece of liver proved, bytheammoni* 
acal odour difengaged by quicklime, and it's infolubility 
in water, to be more abundant in that portion of the 
liver that was deeper and lefs expofed to the air than that 
examined. Such are the experiments be made on this^ 
fubftance. 

Hence it appears, that this concrete oily matter found 
in the bodies in the churchyard at Paris^ and in the hu<- 
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that formed in the cemeteries of Paris was^ that wheif 
hrge mafles of bodies are inhumed the concrete oi^ 
matter or fpermacett appears in the form of a fo9|i» 
whilft in thofe immerfed in water the ammonia is not 
. formed^ or if formed, is diflblved and carried away by 
the fluid in proportion as it takes place. 

Homai^ The human foetus has been likewife found to be am* 
verted into a fatty fubfiance from remaining in the li^ 
quor amnii, and there is a fimilar fubfiance to b^ net 
with in that liquid which is depofited upon certain parts 

And the of the foelus^ called by Bunifa and Vauquelin the csu 

cafeous 

matter feous matter^ it is fuppofed to be a converfion of the ah 

^^'^^^ "^° bumen. f^tdi article Liquor Amnii. , 

This coBverfion of animal fubftances into an oily niat4 
ter refembling fpermaceti may be produced artificially^ by 
means of the nitric acid; for an account of whicb^ ^fkk 
Ammaloils. 

It appears, therefore, to be this fiate that all ammi| 
matters pafs into under certsun circumftances, /• e. wbea 
the external air is prevented from aAing upon them ib as 
to have no influence on their decompofition, either by 
their being heaped together in large mafles, by partial 

Expiana- exfiecaUon, by water, or by nitric acid. 

tioD. 'Pq account for the changes animal fubftances undergo 

> on being converted either fpontaneoufly or artificially, 
into this Angular matter, which is a more fimple ftate of 
compoiition, the quantity and proportion of the primitive 
materials of the different animal fubftances fufceptible of 
it muft be previoufly known, and fcarcely nothing has yet 
been done in chemiftry to afford this knowledge. The 
component parts of animal matters may, however, be 
reduced, as before ohferved, to oxygen, carbon, hj^ro-i 
gen, and aeot, for the fulphur, phofphonis, lime, and 
foda, contribute nothing, according to Fourcroy, to their 
formation, if the phofphat of Urn? be except^, which 



conftitutes bones, and which has no influence pn the 
above change. According to modern chemidry, the foft 
animal matters, the (kin, mufcles, ligaments, &c. may be 
regarded as different kinds of carbonated oxyd of hydro* 
gen and azot, and thefe oxyds, more complicated than 
thofe of vegetable fubftances, tend even more o^ that ac- 
count inceflantly to alteration ; the equilibrium of their 
combination is eafily deftroyed, and this is brought about 
by the leaft changes in the temperature and humidity that 
furround them. Thefe incontedible principles being laid 
down, the decompofition of thefe matters and the format 
tion of the fat may be explained in the following manner. 
The carbon efcapes in great quantity in the form of 
carbonic acid gas, either by rea£dngon the aqueous part, 
or by (imply abforbing the oxy^n they contain. This 
yolatilization of the carbon with the oxygen is the prin« 
cipal caufe of the confiderable lofs animal fubftances un-» 
dergo in their conver(ion into fat, for this laft only forms 
the tenth or twelfth part of every body. The azot, t 
principle fo abundant in thefe fubftances, combines with 
the hydrogen, and forms ammonia, one part of which is 
difengaged in vapours, whilil the other part remains (ixed 
in the fat; the reiiduum of thefe fubftances thus deprived 
of a great part of their carbon, of their oxygen, and of 
all their azot, which laft no longer exifts in well formed 
fat, is found to contain a much larger portion of hydro- 
gen, and it is thus carbonated and flightly oxydated hy- 
drogen that conftitutes this peculiar concrete oily matter, 
or adipo-wax, as it has been called, the union of which 
with the ammonia forms the animal foap called fat^ 
There only remains to determine whether it is the oxygen 
contained in the animal oxyd, or that which formsa con- 
ftituent part of the water, that ferves to compo(e this oxyd, 
iaordcrtO'bringaboutthcdecompofition : andtoaccompIi(h * 

tliis, two ii&s afe wanting nz, the esad proportion of 
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man liver, is the conftant produd of a (low d^compofi* 
tioo, bf a long putrefadion. 
»»in firai. Another inftance of a fimilar converfion, and in confe- 

Mtiy COB* 

verted. quence the long prefervation of a certain oi^n of tbe 
body^ is the brain. The propienfity of the brain to cor- 
rupt before moft other parts of the body is well known 
.to difledors, and yet under certain circumftances, itii 
the lafl'vifcus defiroyed by putrefaction; and this Angu- 
lar faculty of refifting de(lru£lion has been long ago ob- 
ferved. Fabricius de Hilden relates, after George Faber, 
an example of this kind ; the body had been buried 50 
years, but the brain, he informs us, had undergone no 
fenfible alteration ; it was white, ran like an oily matter, 
yet exhaled no noifome fmell. According to Tbeo- 
philus Raynaud, a brain was found at Avignon equally 
foft and of the fame nature, whilfl. the body had been 
' buried a great number of years. Peter Borell gives an 
account of the brains of fome maflacred people, whofe 
bodies had been thrown into the wells of the Domini- 
cans, at Ceflres, that after So years were ftill foft and 
without, flench. A memorable examble of the fame 
^ kind was found in the celebrated catacombs of Kiovie, 
. on the banks of the Borifthenes,- a defcription of which 
we owe to Herbinius. This author afferts, that the 
crania of a great number of mummies perfcftly preferved 
in thofc places, are filled with a fat and oily matter that 
runs from them. The refemblance of this oilv matter 
with that already mentioned by Fourcroy, is a proof of 
the obfervation having been made before, although no 
experiments had been made upon it. 
3. Aqurous ' 3. Jqueous puirefaSiion. It alfo appears, that all ani* 
lion., mal fubftances, except thq bones, nails, and hair, are 

equally fufceptible of being converted into this fatty 
matter on being expofed to the efTecas of water. 
Rouelle and d'Arcet, in 1777> had obferved aphenomfi- 
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Tion of this kind in a doff, found under 'wiater in the Converfioa 
Seine, all the fle(h of which was converted into this fub- * * ^*' 
fiance. This feft has been fince confirmed by the^*pe- 
rinnents of Gibbs; for having placed at different tifties a 
couple of cows and two horfes in water, or in a running Cov. 
ftream, the flefh was converted into a fubftiance refem- 
bling fpemiacetifc The cow was placed in a (ituation Hori^ ' 
where the water could have accefs twice a day"; over it 
fome loofe earth was thrown : after it had remained fome 
time^ on pufhing a flick through the earth to the body, 
a prodigious quantity of extremely offenfive air arofe, 
and in one year and a half the whole mufcular part was 
chanired into this white concrete matter. The water , 
over the animals, and for fome diftaiice around them, is 
covered with a beautiful pellicle, which is white in gene- 
ral ; fometimes it refrafts the fun's rays, producing the 
prifmatic colours. He likewife expofed a piece- of beef in 
a box pierced with holes to the current, and found it Had 
undergone a iimilar transformation in one month after. 

Filh may alfo be changed, and it appears this concrete Converfion 
matter is formed in the body of an animal. Gibbs ob- 
ferved, on feeing a body opened where there was a great 
colleftion of water in the cavity of the thorax, that the 
furface of the lungs was covered with a whitifh cruft, Suifaccof 
which he attributes to fome combination that had taken ^ ^ ""*** 
place between the lungs or pleura and the ferous fluid 
effufed, fimilar to that between flefh and water. Dr. 
Cleghorn alfo mentions a fimilar circumftance, in fpeak- 
ipg of abfcefles formed in the lungs. Thefe abfcefTes 
had fometimes emptied them.felvcs into the cavity of the 
thorax, fo that the lungs floated in purulent ferum, and 
their external membrane and pleura were greatly thicken- 
ed, and found to be converted into a whitifh cruft, like 
melted tallow grown cold. 

, The only difference on comparing this fubflance with 
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are, that it produces epidemics that extend over imtneilc 
trusts of country ; that it's difeafes are not eafily comnid* 
nicated wt of the peflilential atmofphere, and that it is 
mitigated, fufpended or deflroyed by cold. On the con- 
trary, the principal features of cinfagion, are, that it pio- 
duces difeafes, but not to any great extent, that they pro- 
pagate theaifelves, and that it is favoured by cold* Thef 
afiert, that the fever which owes it's origin to certdia 
connections with the putrefad:ion of dead v^etable and 
animal matters, (hows no difpofition to propagate itfelf, 
whilft the fever ari£ng from a connexion with the living 
buman body in a certain difeafed (late, as in meazles, 
fmallpox, &c. multiplies with great a£livity. The one if 
peculiar to particular dates of the climate, exifts generally 
in the autumnal months, in hot climates, and but rardy 
in <x)\dy although it has appeared from general changes 
in the climate, even in the more northern regions ; the 
Other is not peculiar to feafon or climate, appears oftener 
in winter than in fummcr, and in temperate than in hot 
climates; but as it depends upon adventitious caufes, it 
fometimes commits ravages in fummcr, and has even ap- 
peared in the torrid zone ; the one originates from natu- 
ral fources, the other from artificial ones ; fuch is the ge- 
neral hypothefis of this diftinftion, the conclufioii of 
which is, that infe6tious difeafes arifing from miafmata 
are not communicated, whilft contagious difeafes are. 
Ancient -A. variety of authors have contended for and againfi 

and modern ^^^ contagion of peftilential difeafes ; among the anci- 
on the con- ents, Galen, Ariftotle, Thucydides, Seneca, Foreftus, 
petfilcDiial Profper Alpinus, Diemerbroeck, Sydenham, and others, 
**^'"* contend, that the plague as well as other peftilential 4if- 
eafes is contagious; whilft Procopius, and thofe who 
oppofe the do£lrine of contagion, not only produce as 
authority, the iilence of Hippocrates, Avicenna, an4 



Other Arabian pbyficiaos^ on the fubjed^ hmi they affimiy 
that if the plague was a contagious difeafe^ it would aJuMiyf 
infeA tbofe who communicated with the difeafed. 

Amongft the modems, befides the two already men- 
~ tioned, Dr. Smithy of America, and Dr. Maclean, have 
fuppoPted the fame opinion. The latter, in a fmall trea- 
tife> has attempted to prove that the plague, dyfentery, 
and other epidemics, are never propagated by contagion, 
ibr only a very fmall portion of thofe that have been ex* 
pofed to the adion of the effluvia of the deceafed are 
ever affeded by the diftemper; he concludes thofe difeafes 
only to be contagious which mufl: neceflarilyaA and 
oommunicate the difeafe within a certain diftance, as the 
fmallpox, meafks, and which can only be received once 
by the fame perfon ; whilft the others, which may affeft 
a perfon feveral times during his life, are caufed by certain 
ilates or viciffitudes of the atmofphere only^ He affirms, 
that the exiftence of contagion in the plague, dyfentery, 
and fevers, has been uniformly taken for granted, not only 

. without proof, but even contrary to the evidence of nu« 
merous and convincing fa&s. 

Although thefe and feveral other phyficians of emi* 
nence, particularly Dr. Rufli, of Philadelphia, whofe 
opportunities of obferving the yellow fever, or plague, of 
America, have been very great, are of opinion, that pef- 
tilential difeafes arifing from miafinata are not conta^ous ; 

- yet as fuch opinions may as yet be looked upon as con- 
jeAural^ without any dire6k, explicit, and perfe&ly decid- 
ing fa£ts, to place fuch opinions beyond the reach of .all 
doubt and controverfy,.it would be highly improper in the 
prefent (late of knowledge on this fubjeA, for either the 
magi (Irate or the phyfician of a board of health to di* 
veil tbemfelves of the leaft precaution, either by putting > 

anend to quarantine, or by not applying to every other 
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means that might place the fafety and welfare of thdf 
fellow citizens beyond every the flighted fufpicion and 
fear of fuch terrible calamities. 

Among the numerons opinions given refpefting the 
caufes of pcftilential difeafes^ wlnlft fome have evende-* 
nied the exiftence of a putrid- caufe, others have been fo 
convinced of it's prefence as to defcribe even it's peGU-< 
liar fmell. Thofe who have had infeAious air frefh in 
their noflrils affirm^ it is eafily diftinguifhed from all 
other known odours; but the different accounts they give 
of it may afford fome reafon to fufped them of errour. Some 
call it an earthy fmell^ very difagreeable, that it in fome 
meafurc affe£ts the organ of tafte, even extending into 
the flomach ; others have compared it to the vapours 
iffuing from a newly opened grave, but without the cada- 
verous Acnch; others think it refembles tbe effluvia of 
rotten ftraw ; and others again are of opinion it is like 
the exhalations from the confluent fmallpox at the turn 
of the puftules. The gravediggers mentioned by Four- 
croy fpoke of the odour from the burfi:ing of the lower 
belly, in a ftate of great putridity, to be a horrible flench ; 
and whenever they are expofed by an unfortunate chance 
. to bodies in the earth, in this dangerous ftate, fo great is 
it's poifonous aftivity, that if near, they are immediately 
flruck with afphixy ; if at fome diftanoe, it only gives 
them a flight vertigo, a difagreeable fenfation of fainting, 
or of naufea, which continues feveral hours, followed by 
lofs of appetite, weaknefs, and tremours; hence arife 
thofe difeafes which people are fubjeft to who live in the 
neighbourhood of large cemeteries, a great number of 
whom have their countenances pale and wan, with other 
fymptoms announcing the adion of a flow poifon. From 
the circumftances, however, > in which this poifon is ex- 
tricated, it is perhaps^ never admitted to the organ of 
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(mell in it's pure form^ but generally accompanied by 
fome other gafeous and difagreeable emanalioQ^ that may 
have given rife to the different opinions of it's odour. 

With refpe£): to the manner in which contagion is com^ 
xnunicated^ Dr. Cannichael Smith is of opinion^ that it 
is not only from a dire& communication with the (ick 
that contagious fevers are propagated^ but that unfortu^ 
nately the perfons and clothes of thofe who remain long 
in a contagious atmofphere^ and the excretions of the 
fick^ are capable (even when conveyed to a great diftance^ 
or preferved for a length of time)."of producing the fame 
mifchief as an immediate communication with the fick 
tbemfelves, and that the jail diflemper and putrid conta- 
gion are thus frequently conveyed cannot^ he thinks, be 
denied. Indeed, wherever a vapour can be diflinguiihed 
by the fmell, we have the demonilration of our fenfes^ 
for what a length of time, not only clothes but furniture, 
and even the boards and walls of houfes will retain it ; 
therefore, in refpeft to the jail or hofpital fever, it may be 
fafely afErmed, that it not only attacks thofe immediately 
expofed to the original atmofphere, but that this conta- 
gion may be certainly communicated by the clothes of 
thofe that have been any length of time confined in it ; 
and what is more furprifing, even when the perfons them* 
feives are not affe&ed. Indeed, the dread of thefe terri- 
ble difeafes may have probably magnified the danger be* 
yond reality, and the rilk of propagating the contagion 
may not be fo great as is fuppofed i pl^yficians, and even 
apothecaries not being fo long expofed to this atmofphere 
as to be in great danger of conveying the contagion elfe- 
where, yet the perfonsy and efpeciallj the clothes of 
nXirfes and afGftants, who are conflantly confined amongfl; 
thefick, are certainly capable, according to Dr. Smyth, 
of communicating the difeafe; but he adds^ that howe- 
ver paradoxical it may appear^Ae never obferved that the 
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fick propagafjid the difeafe fo . readily as the bodies 9xi 
dotbcs of thole^ who^ though well^ 'had been long cODr 
fined in the o/iiginal atmofphere. Me is of opinion^ thit 
nnlefs where contagion is very pibwerful^ it is fddoni pro* 
pagated in the open air^ aud he knew only of one inftan(t 
of this^ af, the prifonof Winchefler. He thinks there 
IS but little ri(k of receiving contagion from the di&e^on 
of dead bodies^ Chiefs when the operator happens to col 
himfelf. ' 

The peifons moft fufceptible of this contagion. Dr. 
Smyth aflerts, are young perfons, particularly if they 
come diredly from a pure air intothe infcd:ed atmoipfaere, 
ihofe whbfe minds are opprefTed with feai^ or anxiety, or 
who have been weakened by previous illness ;- even Adk 
who have been fatigued, or are fading, receive it more 
readily than others whofe (Irength has not been impairoii 
or which has been again recruited with food. A moit 
i4mQrphere is alfo more favourable to the commdnicatida 
of contagion than a dry one, and a contagious perfon htr 
comes greatly more fo, if his clothes are wet, and his 
body heated by exercife fo as to be in a ftate of perfpi- 
ration. It has likewife been remarked, that perfons who 
have iflues are feldom afFedlcd by contagion. 

Putrid matter, in whatever way generated, if in fufEci- 
ent quantity, has always fome deleterious effect acting ai 
a poifon upon the body ; and this eflfeft takes place whc- ! 
thcr the putrid matter be generated in the body, taken 
into the ftomachydr. into' the blood bv means of a wound. 
It is true, the humail'ftomach, and ftill more remarkably, 
the organs of digeftion of certain animals, have the 
power of counteraftihg the feptic tendency; but thi^ 
power, at leaft in the human ftomach, is very limited, 
and when any matter, whether generated in the body or 
introduced from without, has acquired a degree of pu- 
tridity beyond this, itocAfions naufea, vomiting, purg- 
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i^ng, great oppreflion at the region of thi^'^omach, and 
often a fever^ either of the intermittent, ' Remittent, or 
more continued kind. Putrid tnatter direftly introduced . 
into the fyftem by means of a wound caufes fwilling^ 
and inflammation of the ly'inphatic glands, often termi* 
nating fuddenly in gangrene, along with the fyihptoms of 
a fever, greatly refembling the hofpital or jail fever ; the 
fame proftration of ftrength, tremors, anxiety, headachy 
and delirium, and all the fymptoms of a bad p^id fever^ 
as petcchite, hemorrhage, indicating a certain decompo- 
fition of the blood. The fevers that arifefrom expofure 
to putrid vapour or conti^ion aflunie a variety of, types 
and forms, according to the degree of putridity, feafon ' 
of the year, conftitution of the patient, 8cc.; but they as 
well as the preceding will be found to have many fymp- 
toms in common, and iimilar to the jail and hofpital 
fever ; and in reality, all the fevers of this clafs, from 
the flighted vernal intermittent to the true plague, are, fla 
Dr. Smyth obferves, only different (hades or varieties of 
the fameidifeafe, and productions of one common caufi^ 
viz. putrefa£lion. « . 

What that fubtile or powerful vapour, or whatever elfe 
it may be, is that arifes during the putrefaftive procefsj 
and afts in the form of fuch a powerful poifon, is un- 
known. Various, however, have been^he opinions on 
the caufe of peflilential fevers. 

On extending our itivefligation towards antiquity re- Ancient 
fpefting the origin of peflilential difeafes, we (hall find opfnbwIS 
that fuperftition was the firft to account for them, by pcfti»e»*-«. 
afcribing peftilence to the immediate exercife of Divine 
Power. It was fuppofed that it was one of the judg- 
ments that God infli£led on mankind in hid wrath, to Scripture, 
punifh them for their iniquities ; thus when Daniel was 
fummoned to receive his; puniih^ent for numb^ing the 
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ebildrenof .XiMlj having been-pennilted to makie choice 
^ th^ three greateft calaxnkiesj^be preferred, for. a [uoua 
reafon, peftilence to either famine or the fwordj %f^ 
7OQOQ of bis fubje&g peri(bed* 5^ I will fmite thejn- 
hiibitants of jhiB city both man and beaft^ thjey ihall die 
with gceatfpeftiieooe/' ^Sat]^.i 94. Jerem^.ch. SU 
• In {^rh^ps. th^ oldf ft .hiftorical account of mankiQ!^ 
ji|^tbe:^ible,. Wjc are informed by Homer> that a plague 
faged during th/e fi^ of I>oy^ and pef^ilence is afcribed 
by.4ii^ p<^('to»e;ar^meJ{;|eat. under the inQuence of the 
d«g*ftar, and aHb to vapoura. 
,..j5^'As vapoura blown by. Aufter*s fultry breathy 
. . :*^ Pregnant with plagues^ and (bedding feeds of deatb| 
. ^* Beneath the rage of burning Syrius rife.** 

Pope's Horn, U. b. 5. 1058. 
. . I^ppocrates attributes peflilential difeafes to putrid 9^r, 
i^^hich infe^ all animals that breathe in it* ^^ lE^rft.*^ 
fays he, ^/ I will begin with the moft jcomnion febrile 
difeafe, which in (brae meafure accompanies all difeafes; 
for there are two forts of fevers, one that is promifcuous, 
and common to all, called the plague; the other, by rea- 
fon'of unhealthy diet, is peculiar only to fuch as ufe that 
.diet;, but of both thefe kinds of fevers the air is tbeJoU 
mthor and cau/i; the commoi> fever or plague therefore 
Jiiappens to all, becaufe all breathe the fame air; and it is 
certain, that the fame air being mingled in fimilar bodies 
muft beget the like fevers/' On demanding, why in- 
feflioiisdiftempers feize not all animals alike, he anfwers, 
that when the air is filled with fuch filth and pollutions 
as ar6 noxious to human nature, men only fall fick, but 
when it. is hurtful to any of the other fpecies of animals 
the difeafe feizes that fpecies pnly. Hippocrates, how- 
ever, feems to have been aware that there was fomething 
clfe nefeflary, for he fpeaks of to Otioi or fome divine 



PUTREFAC*rit)N: 277 

principle in the air, ^vhich has been fuppoftd to mean an 
epidemic conftitution, arifing from changes in the atmo- 
fphere produced by unknown caufes. - ' 

According to the obfervations of Ariftotle, peftilence Ariftotle. 
may owe it's caufe to a hot and dry foutB wind. 

Galen, who lived at Rome in the reign of Miarcus An- Gaien^ 
toninus, wh lift a raging plague was * defolating that city, 
IS of opinion, that Hippocrates was miftaken in afcribrftg 
the caufe of epidemic difeafes to the air only, and obferves, 
that peftilcntiai fevers fcmetimes prjceed from a great 
abundance of humours, whenever thefe have acquired 
from the ambient air the leaft tendency to comiption^ 
He attributes alfo thcfe difeafes not only to* the air, bu^ to 
unwholefome food and vitiated waters. 

Ammianus Marcellinus mentions a plague in the city MarcclU- 
of Amida, in Perfia, when befieged by Sapor, about the *^"'' 
middle of the fourth century ; it arofe from the corrup- 
tion of numerous dead bodies which lay unburied in the 
ftreets. He then proceeds to give the opinions of others 
on the fubjeft, as follows : ** Philofophers and etninetit 
phyficians have taught, that peftilence is proauced by ex- 
cefs of heat or cold, of drought or moifture. Hence 
tliofe that live near wet and mar(hy places are fubjefl: to 
coughs, difeafes of the eyes, &c. Thofe, on the other 
hand, that refide where the heat is great, are troubled 
with febrile complaints, and in proportion as the matter 
of fire is more aftive, drought is more rapid iii deftroy- 
ing life. Others are of opinion^ that airj like water, vi? 
tiated by the effluvia of dead bodies, or limilar fabftances, 
18 deprived of it's falubrity, or at leaft, that a fudden 
change of air will produce the more (light complaints. 
Some alfo affirm, that the air, rendered grofs b/a denfer 
vapour from the earth, clofing the pores of the body^ and 
checking perfpiration, becomes fatal to the livfs of others, 
{or which reafon thofe animals which arp continually 

T3 



■ 

^ banding loiMMbthe earth wet tfae firft vii^mt to pefti- 
Ittice^ 80 Homer teftifies, and whicb is proved by many 
cscamples during the prevalence of peftilentisd. difeafes.'' 

^>^ ' About the clofe of tbefifth century, ^tiuBj who waisaa 
eiAinent phyficiao^ has compiled the pptniona of his pre* 
deqeiTors onr epidemic difeafes. * ^^ Thofe are called fp/' 
(ays he^ ^* which originate from a commcui caufe^ as bad 
food^ or waterj immoderate grief, or wai^t of cufiomary 
exircife, hunger, or repletion, efpecially when abundance 
• (ucceeds extreme want. But the nature of the country 
* often caufea epidemic difeafes,; the air we breathe being 
viuated by the evaporation from' putrid fubftanoes, fuch 
as multitudes of de^d bodies after batdes, marihes or 
ftagnant water in the vicinity, whjLeb eniit potfonous 
and fetid vdpourd. This caufe is in continual operation.'^ 

»rofper Al- Tbc Greeks called thofe difeafes that operated univer- 
fiyiy HnA^iMi, and if at the fame time they were very de- 
fiiti£live, they, bad the name of a plague, by the Greeks, 
A^if4^i I/y theliatins, peitis, a pafcendo orpeftilentia,^^" 
,t cdrdihg td Ifidorus, quafi paftulentia, quod veluti iacen« 
dium depafcit, becaufe it confumes and devours like a 
burning flame. But fince, although at what lime is diffi- 
cult to fay, a difference has taken place between j^fj and 
feJRlentia. It is, however, found in the works of Prof- 
j^r Alpinus, a Venetian phyfician, who .'wrote about the 
elofe of the 16th century. This author maintains, tbat 
pefiileht fevers are occafioned by local caufes, as vitiated 
air, and by peculiarities of feafoii^ as extreme heat and 
humidity I but he aflerts, that thb plague in Egypt rarely 
proceeds from corrupted air, and neveV except after ai| 
unufual flowing of the Nile^ and concludes, it ia ufually 

imported. 

> 

Diemer* An eminent Dutch phyfician of theJaft centuryi 
Diemerbroeck^ affigns three caufes of the pefti^i or 'tr|i(i 
plague. i« The juft anger of Heaven, provoked by ^7 
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halations from the (inks of our iins and abMMiubkydeeds« 
S, A mod malignant, poifonous and -deadly peftilfnt 
germe, like a fubtle ferment or leaven, fent from Heaven 
in a very fmall quantity, diffufing itfelf through the air 
like a fubtle gas, and rendering it impure. This gas, he 
fuppofes, fpreads over many regions, and imprefles,. by 
it's numerous particles on the air, ah infe^ion like poi«* 
fon, which affefts people. • 

He maintains tbe diftinftion mentioned by the laft 
author, and fuppofes, that peftilentia is produced by 
exhalations and intemperatje feafons; whilfl the plague, 
he contends, cannot be o^cafioned by thofe caufes^ 
though they may aflSft the germe or general caufe. 

According to Van Helmont, a Flemifh writer of th« van Hel- 
iaft century, the plague cannot be afcribed to the unfea- 
Xonable changes of times, nor to putrefa&ion; but that 
it's poifon is a feicret, that the matter of that difeafe is a 
wild fpirit tinged with poifon, exhaling from a difeafed 
perfon, or drawn inwards from a gas of the earth, putre- 
fied by continuance, and receiving internally an ^ppro<^ 
priate ferment, and by degrees attaining a peftil^tial 
poifon in us* The remote, crude» and $r(l occafion^ 
matter of the peftiiencf , is an air putrefied U^rougb con- 
tinuance, or rather a heavy putrefied gas, which putr^- 
faftion of the air hath not the SSOOth part of it's femin^i 
body. When we compare this m>intelligible explanation 
pf this alchemift with th^ ancient method of afcribipg 
the caufe of peAilential difeafes to the extr^y^^gant fyfiem 
of judicial ailroJogy, the latter is by far the moft fatis- 
fa£lory ; both of them perhaps eqvially us^pbilofopbicaU 
The author, however, contends againft ^ more ancient 
(uperftition, that the plague is not fent d^.\vn from Hea- 
ven, but that popular plagues draw their. &r(l occafion^l 
matter from an earthquake, 9nd from the confequeqces qf 
p2|ipps wd fieges, 
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Hodgei. ' 'Hodges, wy wrote a treati c on life great f)Sagu^ m Looi 
doD in 1665, obferves, that \be air fuBers fom^ efi^nt'td 
alteration which isneceflary to favour the propagation of 
pefiil'ence. The nitrO-aerial principle, which caufes or 
invig^^tes animal and vegetable life, femetimea -becomes 
itxiperfed, degenerate or corrupt, being tainted with 
fometbing pernicious to vitality. He caHs it poifonous, 
and obierves that it proves injurious to trees and cattle, 
as Well as to man. ^ He fnppofes the corrupting principle 
to be a fobtle aura, or ^apour^ extricated from the bowels 
of the earth. 

Vtn Swie« ' According to yan Swieten, the caufe of epid^nics 

'^ 19 in the hidden qualities of the air, and is inexpli-* 

cable. 

Sydeabam* Sydenham agrees with Diemerbroeck, and Van Sivie* 
ten,' In afcribing peftilence to occult qualities in the air. 
Of the fame opinion is Fernelius, Sennat, and Steiv- 
kliis. 

Mead. Mead afcribes the plague to the putrefaftion of animal 

fubftances and unfeafonable moiftures, heats, and waAt 
of winds ; and affirms, that no kind of putteik&ion in 
European countries is ever heightened to a degree capa- 
ble of producing the true plague. He is furprifed that 
tttthors (hould have recourfe for an explanation of the 
caufes to hidden qualities, fuch as malignant influences 
of the heavens, arfenical, bituminous, or other mineral 
fffluvia, with the like imaginary or uncertain agents. 
He adigns three caufes. 1 . Difeafed peribns. 3. Goods 
tranfported from infe<^ed places. 3. A ' corrupted flate 
of air. He does not, however, deny all latent difordefs 
in the air, but confiders them as fecondary caafes only, 
increafing and promoting the difeafe when once bred, 
dnd thinks infection to be the means of it's propaga- 
tion, la this he differs greatly from Diemerbroeck^ 
who utterl}/; denies thai the difeafe is orij^nally. derived 
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from infeSion, although he agrees that if may be after- 
wards communicatecr from perfon to perfon by c-ontaf^y 
or near approach. Diemerbroeck alfo maintains the 
latent qualities of the air' to be the principal caufe of 
the plague^ or caufe, Jme qua non. Mead fays^ the 
plague is never originally bred with us, but always brought 
accidentally from abroad. 

Mackenzie, who gave an account of the plague in Mackra- 
Conftantinople, fuppofes the dileafe to proceed from 
venomous moleculae, lodged in wool, qotton, hair, 
leather, and (kins, in houfes not well cleanfed after 
peftilence. He thinks the air no otherwife concerned 
in producing the difeafe, than as a .vehicle to convey 
the venomous particles from one bodyto another. 

The idea of Dr. Chandler greatly refembles that of Chindlcr. 
Dr. Mackenzie, with refpeA to the origin of phigue.* 
He fays it might be perhaps truly defined, a difeafe 
arifing from certain animalculse, probably invifible, , 

which burrow and form their nidus in the human body. 
They always fubfiil in places fuited to their nature. The - 
fpecies imported &om Smyrna are commonly deftroyed 
by intenfe heat. The pores of the (kin opened by tbfe 
weather, readily admit them. 

Gibbon the hiilorian aflerts, that the plague arifes from Gibbon^ 
hot, damp, ftagnant air. 

The Abbe Fourmont, that it originates from famine. Fourmont. 

Dr. Mitchill, that the gafeous oxyd of azot or nitro- Dr. Mitclw 
gen is the matter of contagion ; this is the dephlogidi- *"' 

cated nitrous air, difcovered by Prieftley, it fupports flame 

f/ * * 

^ e. 

It might have been expe6led that in defcending' to 

modem times, a more fatisfa<5lory account of the poifon* 

V>us matter, whofe a&ion has been fo very inimical to 

the human fpecies, would have been given by phyfici- 

#03^ but it appears^ that no method )ia« yet been found 
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• ' out to fenclcilhii inTtfible agent perviouft to the feofes^ 

$Dd that every thing refpe&ing it hithertd has bees 

either fable, or conjeAure. If, bowever, tbts^ terriUe 

enemy has efcaped the inveftigation of the philofopher; 

ntai^ have been employed to tender the poifon ineB^- 

y itoaly and to difcover by chemical reagents What are ;thf 

mod efledual fubftances to counteraA it's e£k£ts^ dtber 

by decompoiition^ or chemical union; 

Anctcnt ' Hippocrates^^ we are informed, in order to deibt^ 

^f ^J^ the peiiilential particles of the air, made ufe of fceatej 

^etcffadini iMjad, which he caufed to be burned in piles placed dt 

to imxlffin 

tiiaea, the corners of the ftrefsts, but the remedy appears to havp 
been equally as inefficacious as the fmoking of tobapoo^ 
the thieves vinegar, with the reft of the numenns 
noftnuns and amulets that have fucceeded each other at 
liferent times. It is readily concmv^ whyfunrigationi^ 
md fubflaoces yielding ftrong odours, were firft^ employed . ' 
for this purpofe. The plague, and other difeafes, at>»' ^ 
(Qodf d with gr^t mortality in ancient times, being con* 

% fidered by the foperftitious world, as judgments fcnt hjr 
the hand of divine vengeance, to fcourge the hum^in 
ira<:e for their fins, as before obfervod, facrifices and ex- 
piations were made to the gods, to deprecate their wrath, 
jemd atone for t}ie guilt of mankind. Sweiet fmeUing 
herbs and flowers, and aromatic gums, as myrrh, and 
fr^nkincenfe, were therefore burnt during thefe cere-f 
monies ; and a,s the whole were pf an agreeable odour, 
'and oveq)Qwer^ the ofTenfive effluvia of difeafed or catf 
rupted bcKJIles, it was natural for thefe ignorant people 
to believe, that fuch fumes, by deftroying the imeUi 
deftroyed likcwife the polluted effluvia. Another cir^ 
cumftance obferved by Dr. Trotter might have givei| 

^ rife to fimilar means. It was believed that the peftilent 
tial difeafes were the offspring of putrid and of putrefying 
animal and vegetable fobftanc^, and tb^ie lu^apc^ 



they faw became the nidus and the nouriflHnent of nur 
nicrouSv young mfe&s ; whence they concluded^ that 
their generation was fpontaneous. To deftroy thefe ani- 
nialculae. which in hot countries increafe in fuch 
numbers, and which now on the wing they con- 
fidered as polluting the atmofphere^ brimftone and 
fire would foon be refortcd to, as it was known, that * 

no animal could approach their conflagration, fo that 
ever}' article that yielded either agreeable odours or ^ 

pungent vapours was employed ; hence the hyflup of the 
wall, the cedar of Lebanon, the camphlre of Engedi, 
fpices and the pitc{i of Norway, and the tobacco of Vir^ 
ginia, fweil the antipeftilential catalogue ; and the fumw 
gating fubAances have been banded down from the 
Jews, the Greeks, and the Romans, through the Arabian 
phyficians and the dark ages of Europe to the modemsi 
and have msdntained their reputation and chara&er^ 
fimidft all the viciffitudes of human opinions, and tb# 
fleeting duration of medical theories. Nobody, till late- 
ly, has quedioned a practice fanAioned by the authority of 
antiquity, and the univerfal fufirage of modem phyfi. 
cians, until the beautiful difcoveries of pneumatic che- 
miflry, which explained the nature and compofition of 
elaftic fluids, invited the chemical philofopher to apply 
bis new acquired knowledge to the deteiStion of thecaufes 
of peAilential dife^fes, and to find out the beft and mofi 
(ui table prophylactics againft them. 

Until a knowledge of the diflferent airs that compofe chemJcal 
pur atmofjphere, and the various gafes that arife from Jlftr^ii^ 
fpontaneous or artificial decompofition, began to prepare mUfmata, 
the chemifl for future inve^igation, little could be ex- 
peSed from any other branch of philofophy, biit np 
fooner did the experiments of Black, Cavendifh, Priefl:-* 
ley, Lavoiiier, and Bierth.o}Iet, aiTord a Nght into the udm 
ej^plor^ regipi^s pf t^ ^rial wQr(4^ thw 4 n^W Qfori^r 
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nity prcfentcd itfelf of inquiring into the nature atj 
properties of thofe effluvia, that arofe from the putrefac- 
tion of animal and vegetable fubflances, and which have 
in all ages been more or lefs looked upon as the origin of 
pefiilcntial difeafes. 

» 

^orveau. Amon'gft thofe who made the firft attempts to render 
the poifonous vapour of peftilence ineffeftual by chemical 
. • decompoiition, Morveau, a chemift of Dijon, is perhaps 
the beft defer ving of being recorded. He appears to 
have confidered this matter as cpmpofed of volatile a]cali> 
and an acrid animal oil in a gafeous, or aerifom> ftate ; 
and he informs us, that in May, 1773, the cathedral 
church of Dijon was found to be fo very infeflious and 
noifome, from the numerous inhumations, as to be no 
longer fafc to frequent, whilft various fubilances fiad 
been employed to deftroy it's cadaverous fmell, fuch as 
large quantities of aromatics, vinegar, nitre, but without 
any efie6l, and under thefe circumftartces this chemift 
was applied to. 

It is a well known property of the muriatic acid, to 
take a gafeous form as foon as it is difengaged from it's 
combinations, but without lofing it's acid charafter, or 
having it's energy diminiftied, and this was found to be 
of great ufc in purifying and deftroying the infection of a 
mafs of air, when loaded with putrid vapours. The 
method the commiffaries of the Royal Academy at Paris 
had employed, in their report on the prifons of that city, 
was to add vitriolic acid to common fait, which difen- 
gages the muriatic acid in the form of white vapours, 
that immediately expand throughout the whole room 
or place where the procefs is made ; and this has been 
found, to ufe the expreffion of thefe commiffaries, to 
neutralize the putrid miafmata, and they recommend, as 
foon as the vapours are paffed away, the doors and win- 
dows to be left open for two or three days, fo that tlw 



PtrTRBFACTIOW. SSS 

flight odour of the marine acid remaining may be dif* 
fipated, after which they found not th*e lead danger of 
immediate habitation. 

Morveau, with this previous knowledge of the good ef- 
fects of this acid, applied it to the prefent inftance of 
the cathedral. He fuppofed, that the acrid animal oil 
of the putrid effluvia, and which particularly afieded the 
organ of fmell, was fupported in it's gafeous form by the 
volatile alcali, and that if a decompofition could be 
cSe£bed, the heavy fetid oil would fall down and be ren- 
dered inert. The vitriolic acid, formed by the combuf- 
tion of fulphur, be knew would to a ^certain point ac- 
cpmpli(h this ohjeSt; but as it rifes very little, and after 
feizing upon the humid vapour, which it does with great 
avidity, lofes it's heat and falls down again, it was incom- 
petent to the talk. He therefore placed a glafs veflel 
prepared for the purpofe in the middle of the church, 
put into it 6lb. of common fait fomewhat moiftened, 
and poured Sib. of common vitriolic acid upon it, ancT 
immediately retired. He informs us, that he was 
fcarcely got four paces, before a column of vapours of the 
muriatic acid had reached the ceiling of the church, and 
t«vo hours afterwards, it was perceived through the key- 
hole of the moil diftant door* In about twelve hours all 
the doors were opened for the air to be cleanfed of any 
remaining acid, but there was no longes any trace of pu- 
trid odour to be perceived. 

The following year, another proof of the fuccefs of the 
fame method was made in the prifons of Dijon. We 
are told, that 3 1 prifoners had died of the peftilential 
difeafe, called the jail fever, in lefs than three months, 
and means had been in vain attempted to deftroy the ca- 
daverous odour, by burning ilraw in the prifon, but in 
twelve hours after the operation of the muriatic acid, the 
fetid odour was entirely deftroyed, the danger of in* 
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' habiting It ne lotiger exifted^ and from that xnomeittt, 
the epMfemiclever entirely ceafed. 

Others who have been employ^ in purifying iiifec? 
tious plates^ in confetjuence of epidemic dlfeafe^^ re- 
tomniend the fame procefs, and advife it to be ufed as i 
precaution every year to preferve in pahicular the faln^ 
ibrity of prifons, and deprive them of infeftioit. 

Aniother form in which this aeid h^ been Employed; 
roufonoy. 1^ in it's'dephldgifUcated ftate. According to Fonrcroy> 
whateveir car^ is taken to keep anatomical theatres clean 
and inotfbnfive^ ieither by fprinkling Xvith vin^ar^ orlby 
lumigatienii, it is found very incapable of preventing the 
dangerous effeifts arifingfrom a latge m'afs of matter, id 
a Rktt bf patrefadibn ; this enemy is the more terribte 
'to anatomiftsy whofe occupation is to refide within the 
ireach of it's lEi^tibn, and the fi'equency pf accidents Bom 
thi^* foiirce ievery year is ^ell known, Tb oppofe, there* 
;.!fere, to impiE^etrablb barrier to this deftm£trye a^ient^ 
lo prevent it's difaftrous efle6ts on thofe occupied iti 
anatomical purfuits, aUd to dedroy the germe of putrid 
attd frequently fatal difeafes, which thefe miafmata oc- 
cafion, this chemift recommends the oxygenated muri- 
atic acid, which he found to be the beft (hield againft 
fefe poifon of all animal putrefa£libn. He was led to 
it's ufe, from the effefts it was found to have on odours 
' of all kinds. Aromatics, the acid antifcorbutlc, tfao 
poifonous narcotic, hepatic atid fulphureous odours, 
were all deftroyed by this vapour, and as it a£ls imme- 
diately on the odorous principle, alters it's nature, and 
changes rapidly the order of it's eompofition, it was » 
fuppofcd, that il was likewife capable of oppofing thefe 
dangers arifing from the miafma of putrifying bodices, 
and this chemitl informs us^ experience confirmed the 
fuppofitioii. 



Another acid which was firft employed by Dr. Car- pr. c^r- 
tnichael Smyth, to deftroy the contagion oF the hofpital smyUu 
fever, or jail diftemper, is the nitrous acid. The caufe 
of this fever he attributes to putridity. As a ptoof of 
this, he obferves, that this difeafe is conftantly produced 
^here a number of people are (hut up together in a 
clofe place, without the greateft attention to cleanlineft 
and renewal of the air. Now it is well known, that 
all the excretions of the human body have already mad6 
a certain advance or progrefs towards putridity, and that 
<i'h6n placed in certain circumftances fevoorable to puti^- 
faftion, they foon become highly putrid ; .amongfttbefe, he - 
thinks none is more highly animaUzed or more fufceptiblc of 
becoming putrid than the perfpiration or vapour ifluing 
from the furface of the body and lungs; hence the animal 
perfpiration may generate contagion, which contagion is 
found to (how it's baneful effefts more quickly and for- 
cibly in proportion to it's quantity, and it's being 
placed in circumftances the raoft favourable to putrefac- 
tion ; confequently, in proportion to the fize and clofe- 
nefs of the place, the temperature and mcnfture of the 
air, and the additional or acceffory putrid matters with 
which it is combined; whilft on the contrary, the fiw- 
mation of this contagion is prevented by all thofe means 
that renew the air, and carry off the perfpiration^ or 
prevent it's tendency to putrefaSion. In order to deftroy 
the fceptic nature of this jail or hofpital conta^on, 
which he looks upon as one of the mod fubtile and 
powerful vapours of the putrid kind, from it's immediate 
and deftru6live effects x)n the human body, Ctreral ways 
were employed. At fh^, when Dr. Carmichad was 
requefted to undertake the cure of this difeafe, .which 
was raging with great violence durii^ the fpring and 
fummer of 1 7^0, amongft the Spanifh prifoners, confined 
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in the King's houfe at Wincheftcrj he fbund gfeat ht^ 
nefit from cleaning the parts of the prifon tffo&td bf 
the contagious matterj waihing the hammock jHifts in& 
diluted xnuriatic acid^ and throviring it \>f machiniet 'ih 
the upper part of the pofts^ and even as high -4s t'te 
ceiling, at tlie fame time the prifoners were well waftofj^j 
but the moft important part of the method h^ tm^^/jfift' 
li th& nitrous acid, which be informs ns'he fifio^ ia 'two' 
different .forms, either in vapour firbm tl|c'ydlow,6r 
fioioking nitrous acid, or from nitre difettga|p^ by the 
vitriolic acid ; by which praAice, both in IMjpitaSs^ ud 
in private praftice for 16^ or 17 years, he hiu obtained 
the moft decifive evidence of it's efleSs, in: preventii^ 
' the fpreading or farther communicatiou of contagion. 
Having founds that the moft highly tontagibui fevers id 
hofpitals do not etlt& the patients in general^ ^odgc^' 
in the fame ward, but only the nurfes or thofe who 
V * sffift them, or thofe who lie in beds contiguous to the ' 
fick^ he has repeatedly prevented the farther fpreading ol 
the difeafe, by placing gallipots filled with the fuming 
nitrous acid, betweed the beds of the fick, and of thofe 
who were not yet afie£ted by the contagion ; and in 
private praSice, . where the nitrous acid has been con- 
fiandy ufed as a fumigation, he has not known one in- 
iiance of a contagious fever having been communicated, 
even to a nurfe or to an attendant. He is of opinion, 
that the well known efficacy of the fulphureous acid in 
deftroying contagion, is a fufficient reafon for it's being 
continued as a fumigation for clothes, furniture, &c.; 
but' as the nitrous acid is attended with no rifle, or fai- 
convenience to the refpiration, and appears of fuffitient 
efficacy to prevent the pi-ogrefs of the contagion, it is 
the proper antidote to be applied in alj fituations wh^re 
perfons are neceflarily prefent; likewife in purifyiilg 
empty hofpitals or prifon wards, or (hips, as it is equaAy 
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cflScacious with the fulphureous, it's vapour more volatile 
and penetrating, and it does not leave the dif)^igreeable 
fmell which' fulphur does^ when burnt. To obtain >the 
nitrous or marine acid^ in a ftate of vapour, as Dr» 
Smyth is of opinion, that all the mineral acids ' will 
deftroy contagion, and are much more powerful than 
the mod concentrated vinegar, he advifes to decompofe 
nitre or fait by heated vitriolic acid, half an ounce of 
which is put into a crucible, glafs, china cup, or deep- 
faucer; this is warmed over a lamp, or in heated fand> 
adding from time to time fome nitre, or common fait \ 
thefe veflCels ought to be placed at 20 or 30 feet from each 
other, according to the height of the ceiling, or vira-^ 
lence of the contagioti. In hofpitals or prifons, the 
lamps or veflels containing heated fand may be placed 
on th« floor; in (hips, it will be better to hang, them to 
the beams by waxed filk dbrds. A» fumigating with 
nitrous acid is attended with no inconvenience, the pro* 
refs fo (imple, and the materials fo cheap, it (hould be 
employed as a meapsof prevention^ for fome hours every 
day,' in tranfports with troops dtt board, and in crouded 
hofpitals 5 and if there be any appearance of contagion9 
the fumigation (hould be executed with more care and 
Attention,* and the vapour confined for feveral hours 9$, a 
time. Fumigating veiTel^r lamps fliould alfo be placed 
contiguous to the hammocks, orbeds> of perfons aficd^ 
with any contagious or putrid diftemper, and by fuch 
precautions great mifchief may probably b^ prevented^ 

A corroborating indance of the effect of the nitrous acid 
in flopping contagion is defcribed by the fame author. The 
experiment was conduced by Menzies, furgeon on board 
the Uniorv hofpital fliip, which contained nearly two 
hundred fick, of whom one hundred and fifty were in dif« 
ferent ftages of a maligoant fever^ and higbljr <QatagiM% 
VOL, lit. t^ 
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as appeared from it's rapid progrefs, and fatal efie&. 
The utenfils and materials for fumigation confifledief a 
quantity of fine fand^ twenty-four great earthen pipkins, 
and as many fmall common tea-cups^ .^ith fome long 
flips of glafs as fpatulas^ the concentrated vitriolic acid, 
and a quantity of pure nitre in powder. The ports/and 
fcuttles being clofe (hut up^ the fand^ which had bedn 
previoufly heated in iron pots^ was fcooped out into the 
pipkins by means of an iron ladle^ and in this hesRied 
iand in each pipkin^ a fmall tea-cup was immerfed^ con- 
taining about half an ounce of concentrated vitriolic acid, 
to.which^ after it had acquired a proper degree of heat, 
an equal quantity of levigated nitre was added gradually, 
and the mixture ftirred with a glafs fpatula^ until the va- 
po»r arofe from it in confiderable quantity. The pipkias 
were then carried through the wards by the nurfes and 
Gonvalefcents, walking about with them in their handi, 
occafionally putting them under the cradles of the fick, 
and in every comer where any foul air was fufpeded to 
lodge. In this manner the fumigation was. continued, 
until the whole fpace between decks was, fore and aft, 
filled v/ith the vapour, which appeared like a thick haze. 
• The body clothes and bed clothes of the fick were likewife 
expofed to the nitrous vapour as much as poffible, the 
dirty linen removed, and immediately immerfed in a tub 
of cold water, dried, and then fumigated before taken to 
the wafh-houfe, a precaution very neceflary in every in- 
, . feftious diforder; due attention was alfo paid to cleanli- 

nefs and ventilation. The fumigation, took up about an 
hour, and in an hour afterward the vapour having en- 
tirely fubfided, the frefti air was freely admitted by throw- 
ing open again the ports and fcuttles.. •^Fhe fumigation 
was repeated morning and evening, and it's. pleafiing and 
inyuediate efl'eft indeltroying the oflfenfiveand difagrec- 
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Aleftncll, ^rifingfipotn fo many fick crowded together, 
was very perceptible; and fo great was the benefit it pro- 
dttced, that not one of the attendants on the fick, or any 
ofthe (hip's company, was attacked with the diforder after 
itwasfirftbeguo. 

The fuccefs of the fame plan is likewife further attefted 
hy the fubfequent letters of the fame furgeon, and Baflan, 
who fucceeded him ; and from a fimilar experiment made 
on board fome ofthe Ruflian men of war. 

In making ufe of the nitrous vapour, it is neceff^ry to 
diftinguiih that which is good from that which is hurt- 
ftiL The vapour made ufe of by Dr. Smyth, by means 
of the vitriolic acid, poured on nitre in earthen or glafs 
vefTels, is white, highly dephlogifticated or oxygenated, 
an4 mixed with a large quantity of pure dephlogifticated 
air; and this fume is not only not fuffocating, but has a 
pleafant fmell. 

. The vapour, however, which arifes in the ufual pro- 
ce&of diftilling aqua fortis, as it is done in iron veffels, 
or which exhales during the folution of metals by the ni- 
trous acid,, is of a red colour, has been called phlogifti- 
cated nitrous acid vapour, and is highly fuffocating and 
noxious ;r fo that in preparing this vapour caution muft be 
ufed, that no metallic or inflammable fubftance be admit- 
ted to the acid either by ineaus of the veffels, or ufing 
iron fpatulas or implements. 

By this fumigation, therefore, it appears, that the 
procefs is both fimple aTid eafy ; and although the vapour 
is extremely powerful and penetrating, the fick of every 
iefcription are obferved to bear it with little or no apparent 
inconvenience; and as it is found to purify the air from 
the difiaLgreeable effluvia produced by fo many people 
crowded together in a confined fituation, of completely 
deft raying the ofTenfive fmell, and contagioui matter ari- 

V2 



fing fr6m putrid animal effluvia^ or other {tnimal mat'' 
ters; it will be peculiarly advantageous on board of 
fickly {hips and bofpitals^ as well as prifons^ where the 
clothes of the crew or patients may be fumigated at the 
fame time as the apartments, without any rifle of fire. At 
. ihb fame time it appears, that the advantages of the fu- 
migation are not only experienced by thofe in health, 
. whom it. preferved from the baneful efic£ts of the fever, 
» buf the fiok and convalefcents derived an almofl: eqaal 
benefit from it ; the fymptoms of the difeafe were tnc- 
iiorated, and lod much of their malignant appearancCi 
and the advantage of an air pure and ifree from flench 
to convalefcents muft be very great. 

Dr. Carmichael Smyth has> in ^defcriptionrfthtgml 
di/kmpir^ given an exafhination of the different means hi* 
therto employed todeftroy the gaol contagion. Thefehc 
arranges under two clafTes^ viz. the phj^cal and the 
, chemical. He fays, that contagions^ whetherfpeeific of 
putrid, .are either checked or completely deftroyed by , the 
extremes of .heat and cold ; and by a free es^pofure to air 
and water are fo diluted or diflblved as to lofe their nox- 
ious quality. Thiefe four are therefore phyfical agents. A 
'degree of heat nearly equal to that of the oven is found 
neceflary for the complete defiruftion of dontagion, and 

^ may be ufed in purifying clothes, furniture, &b. Heat 

is likewife, when judicioufly managed, a check to it's 
progrefs ; for as clofenefs and dampnefs are favoqrable \o 
the produ6):ion and fpreading of contagion, drying and 

t rarifying the air^ by counteracting. thefe, muft be, at ieafl 

fo far, proper antidotes. Independent, however, of heat^ 
.an open fire> efpeciaily where the fuel is burnt in a nar- 
r6w flue, is of great benefit, as being one of the beft vcn'^ 
tila^ors. The degree of cold neceflTary. to deftroy conta* 
gion is probably, like the degree of heat^ iocoofifteotwitll 
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I Ijfe^ a^nd therefore, although we h'earof conta^gion having 
been checked or fupprefled by cold, there are few in- 
fiances, if any, of it's being completely deftroyed by it. 
That noxious vaptmrs are hurtful only when concen- 
trated, and are harmlefs when difFufed, are fa<£ls univer^ 
lally. admitted ; and hence clothes, bedding, or other 
things to which contagion adheres, are purified by a cer- 
tain length of expofure to the open air, or to a current of 
water ; but as the time requifite for this mode of purifi- 
catioa is uncertain, and as cohtag-ious clothes and goods^ 
&c. cannot always be expofed in a proper manner, the 
more expeditious means which chemiftry affords muft ' 

be had recourfe to : and as Dr. Lind has very properly re- 
marked, that no ventilation or adnjiffion of air or water 
into prifons or hofpitals can remove or deftroy cont^ioa . 
when once prefent, although both may be ufefiilly em- 
ployed in blunting it's force, chemical agents are abfo- 
lutely neeeflaryr Thefe Dn Smyth examines. The che- 
mical agents hitherto employed for deftroying contagion, 

*re, 

1 • Burning futphur with charcoal y or with arfenic. The 
vapour from the burning of fulphur is remarkably voh- 
tile and powerful, and it's effect in deftroying contagion 

I 

has been long eftablifhed, but as even in fmall quantities 
iit affeils rdpiratlon, producing fuffocation and death, it - 
can only be employed fpr fumigating clothes, furniture, 
or empty apartments. The occafional addition of arfenic 
feems to have been made by Dr. Lind, with a view of 
increafing'the deleterious quality of the vapour; but it 
appears unnece(rary,'as the fulphureous gtcid is fuflSciently-. 
[ifong, and perhaps the vapour of arfehip is too be&vy to 
•ife with the acid of fulphur. 

^« Burning or-deflagrating nitre. As there is no nitrous 
ictd produced, it can be of no ufee^^cept ib far as th? 
>^ygen may be of feryice* 

• V3 
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3. Burning gunpowder and port-fire (one half fulphur^ 
one quarter nitre^ and as much charcoal) caii be of noufe. 

4. yir, tobacco J and woodmhtn burnt (although Dr. 
Lind appears to have had a high opinion of* the fecond, 

/ and looked upon the third to be one of the mod powerful 

means of deftroying contagion) cannot be of any feir- 
vice. 

5. Vinegar. This, although much boafted of. Dr. Smyth 
never faw of any fervice ; but the fteam when united 
with camphor affords a reviving fmell to patient3- Waft- 
ing the furniture, floors, and walls with vinegar, is little 
better than common water, and the fame may be faid of 
white waihing, and oil painting. 

The moft powerful agents, perhaps, after fire, are the 
mineral acids, particularly when in a Rate of vapour, 
. with the different gafes or permanently elaflic fluids pro- 
duced by them^ and as they are known to have a great 
influence over piitrefaftion, and thofe other fpontaneous 
changes which vegetable and animal matter, deprived of 
life, undergoes, they certainly muft be very efficacious 
in deftroying the gaol contagion, which, according to 
!Dr. Smyth, is a vapour produced by putrefaftion. 

As the volatile fulphureous acid vapour, though effec- 
tual in deftroying contagion, cannot be employed except 
in fituations froni which people can be removed. Dr. 
Smyth niade fome experiments with the vapours of the 
other acids upon mice, birds, and upon himfelf ) and 
found the different acid vapours, in refpefit to the fafety 
with which they can be breathed, may be arranged in 
the follovi ing order : 

1. The vapour of nitrous acid y arifmg from nitre decompo- 

fed by vitriolic acid. This is perfeftly harmjefs in any 

quantity in which it may be required, there not being the 

leaft rifk in breathing it. For this purpofe, the fiimiga- 

ting lamps fold at Moyfer's, in Greok ftreet, Soho, may 



■\ 



PUTREFACTION. SflkS 

be employed, a great number of which are fold to the 
navy, but they would anfwer much better if the laucer 
^yas deeper ; and if, inftead of a place for a lamp, there 
was a box, proper for containing. hot fand, in ^hich th& 
faucer might be placed. This nitrous vapour appears. to 
be the defideratum fought after by Dr. Linfl. 

2. The vapour of nitrous acid in if s fuming Jlaie, or when 
the nitrous acid is mixed with nitrous gas. This, though 
more pungent than the firft. Dr. Smyth believes may be 
employed with the greateft fafety, having never known 
any inconvenience from ufing it. But as it w,as more 

difficult to pr cure, and is attended with greater trouble 
and expenfe, he has always ufed the firft. 

3. Tl)e vapour oj marine, acid^ arifmg from common fait ^ 
decompofed by vitriolic acid. This, though more ftimula- 
ting and more apt to excite coughing than the nitrous, 
may be fafely ufed, at leaft in a moderate quantity, where, 
people are prefent; and where nitre cannot be had. Dr. 
Smyth would not hefitate to employ it. 

4. The vapour of nitrous and marine acid^from nitre and 
common fait by vitriolic acid, This^ on beiqg heated, was 
more pungent than the pure marine acid, and therefore 
unlefs it be found more eflicacious in deftroying contagion, 
fhould not be ufed where people are preient. 

5. The vapour of fulphur burnt with one-eighth part of 
nitre. This can only be ufed with fafety when there are 
no people prefent ; Hence muft be foleiy confined to fumi- 
gating empty apartments, clothes, furniture, &c. 

6. The vapour of fulphur burnt with charcoal. This 
fliould never be employed, as the carbonic acid may do 
harm, and never can have any effefl on contagion. 

7. The vapour of oxygenated marine acicCj by diftlUing ma^ 
rine acid from mangariefe. Dr. Smyth iays, he only knows 
it is extremely deleterious. 

U4 



Dr. Smyth found the marine acid, when pf^p^ly di- 
Tttted9''^v ed completely effe£Uial in deftroyingithe con. 
Ugion at \Vinch<;fter prifon, by waAing the hamnyodc 
pofts, waVsj and floors of the prifon ward, as well aa the 
either fumif ure with it ; and in this refpe^t it is certainly 
more powerful than the mod concentrated vinegar. 
Ihwiehdie- Since ^Dr. Smyth's experiments upon the mineral 
vethodbT acids, the French chemil^s and phyiicians have publilhei 
^^JJ[J** a paper on the naeans of deftroying contagion. It iscn- 
titled, ** Infiru^hn/ur Us moyens fmirettnir la falubrite^ 
tf de pttrifiii' FAir des Salles lans les HSpitaux militaires 
Ji la Ripublique^ fait au Confiil di Santi^ le 5 Venufe^ Fan 
id df la Republique.** From this memaire it appears, the 
French phyficians, inftru.aed by Guiton of Dijon, have 
lately made trial of the vapour of marine acid in their 
hofpitals, and have found it equally as efle&ual in de- 
Aroying contagion as the fulphureous', and, as being morev 
volatile, perhaps even preferable for the puqK>fe4of puri- 
fying hofpital wards. They alfo remark, that in a fmallet 
proportion, it may be fafely ufed in hofpital wards, evtn 
where people are prefent, and the experiments of Dr. Smyth 
prove the fame. The method the French phyficians «n-. 
ployed to obtain the marine acid vapour, is either by em* 
ploying the fuming marine acid, or the acid detached 
from it's alkaline bafis by vitriolic acid, ufing a confide* 
rable degree of heat for this purpofe. The procefs for a 
room containing from forty to fifty beds is, after hav* 
ing taken out- the patients and clofed the doors and win^ 
dows, to heat niije ounces of muriat of foda (common 
f^U) (lightly moiftened with half an ounce of common 
water, and pour upon it four ounces of fulphuric acid or 
Oomn»on oil of vitriol, having previoufly placed the ap- 
paratus in the middle of the room. In ad inftant thd. 
fulphuric acid a£ls upon the common fait, and the ma- 
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nne acid expands itfelf, the perfon taking -cajTe to leave tKe 
room immediately, and to lock the deor. In twelve hours 
after, the doors and windows are to be opened to let the 

I 

^currents of air evacuate the acid. 

r . 

This is likew^ifc employed in the rooms filled with pa- 
tients, when there is reafon to fufpe£l them of containing 
animal miafmata; but in thefe cafes one third part only 
of the above mixture is ehiployed, or even lefs, carrying 
it into every part of the room where any infeftion may be 
^jSpofed to lurk. - After the chambers are fufficiently full 
of the vapour, the apparatus is put into the neceflaries or 
privies>to decompofe or neutralize any bad or putrid exha- 
lations they may contain. ^ 

•Van Mons, in a report made to the Society of Medi- Va»MoiUk 
etne, at Bruflels, with refpeft to the means neceflary for 
purifying ttieairin the apartments of the fick, oppofes 
the method of funiigation, as it diminifhes the refpira- 
ble/and adds to the unrefpirable air ; in general, he fouufl 
the air in fuch apartments to confift of abundance of car- 
bonic acid, hydrogen, oxygen, and azotic gafes ; foiiie- 
times a. little amtnoniacal gas, and a peculiar emanation^ 
called c9ntapom miafma^ which appears to him to be a 
j>eculiar combination of hydrogenous carbonic acid gas, 
holding in folution animal fluids verj' littlfe known. The 
hydrc^n gas contains almoft always in folution piire 
carbon, phofphoru?, &c., from which the difagreeable \ 
odou)* arifes. The carbonic acid would forrn a much 
more confiderable part, according to this chemift, were 
not this gas continually neutralized by the ammonia 
evolved in all difeafes where animal fubflances containing " 
azot are decompofed. Hence the oontradiftioh of thofe 
wJio fuppofe air to contain carbonic and ammOniacal 
gaTes at the fame time, and the abfurdity of expofing vef- 
fels filled with quicklime in the apartments of the fick, 
which takes away the carbonic acid gas, and leaves the 
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• ammoniacah Among the bed means of purify iog in- 
fe&ed air, this chemift clafles vaporized water^ wliich 
^ incommodes the patient lefs, and deprives air, of it's pu- 

trid effluvia better than the muriatic or agetous acid^ or 
than fpirits^ being a better folveni than thcfe. The ful- 
pbuneous gas he thinks might decompofe the miafmat^ 
by giving them a portion of it's oxygen, bat it leaves be-* 
hind ii an oxyd of fulphur^ the fmcU of which ig very of- 
fenfive; hence oxygenated muriatic acid is preferable. 
(Anpal. de Ch. .vol. 9p, p. 99.) 

With refpefi; to the offeofive fmell of diflerent places^. 
fucb as privies, night-chairs^ &c»> an objeS: of fuch con- 
fequence with refpe<9 to heahh and comfor^ the moft 
cheap and efie£iaal n>^ans of dedroying it is the. follow- 
ing t Jf a certain quantity of milk of lime (water in which 
lime hs» been, recently flacked and poured off previous^to 
it'p firttUng) be mixed with a ley of ;a(he^ or even fpapy 
watecibajt. has been ufed fbrwaihing, and thjcown into 
the^fink of a privy, or other convenience for the fick 
room^ it will immediately deflroy theoffeniive odour. It 
is obvious that a more fimple method is, to mix a few 
pounds of quick lime with a fmall quantity of wood afhes, 
and a bucket of water. 

Th^ fpirit of energy which the pneumatic method of 
cpniidering the caufes. of peftilence has introduced, has 
already created a formidable oppoiition againft fumiga- 
tions, and the deftru6iion of contagion by acid vapours. 
Dr.Trotter. Dr. Trotter informs us that feveral years ago, or in 1 793, 
he had no faith in the' fumigating procefs, and that the 
acid vapours, particularly the nitrous gas, muft be preju- 
dicial to thofe who are expofed to them. s 

The offenfive effluvia, fo difagreeable to the fmell, which 
. the acid is to deftroy, a^e, according to Dr. Trotter, ful- . 
phurated hydrogenous gas (hepatic gas), the aerial produft- 
of foecal matter, and fuch as afcends fron3 privies ; phof- 
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phorus and carbon may alfo be mixed with it ; the nitrous 
^as certainly decompounds it, and fulphar b precipitated* 
dnd the fmell vanifhes. In the fame way the nitrous acid 
ahers the effluvia of the confluent fmall pox, when they 
approach beyond maturity; and alfo theoflenfive matter 
of largcf floughing ulcers, which do not materially differ 
from the vapours arifing from the faecal mafs. The nitrous 
gas, according to the fame author, decompofes the car- 
bonic fulphurated hydrogenous gas of gunpowder fu- 
migation, and takes away it's fmell 5 the oxj^en of the 
nitrous gas combines with the hydrogen, and forms wa- 
ter, and the fmall portion of azot, with the iiilphur and 
the carbon fufpended in the hydrogenous gas, is precipi- 
tated, arid the fmell difappears; but Dr. Trotter thinks, 
that the nitrous gas, when employed againft contagious 
effluvia, riot only adds nothirig to the improvement of 
the qualities of the air which fupport life, butthat it is 
introducing a fubftance that takes away part of the re- 
maining oxygen of the atmofphere, and the different per- 
fumes ufed as fumigations render the air more hoxious, 
by giving out hydrogenous gas. He thinks, that although 
the aromatic vinegar of the Edinburgh Difpenfary, vul- 
garly called the vinegar of the four thieves, is of all per- 
fumes the moft grateful, yet it's effefts on the atmo- 
fphere cannot be great, and vinegar, which he fufpefts 
gives out oxygen by evaporation, had better be ufed alone. 
He fuppofes, thatby the fumigating procefs of Dr. Smyth, 
the very fubftance is' introduced which onght to be avoid- 
ed, and which is the vehicle, if not the noxious caufc 
itfelf (the fepton of Dr. Mitchill), and the experiments 
of Reilly, Browne, and Moffat, on board different vef- 
fels, he thinks have confuted the praSiceof it as a fumi- 
gation. He looks upon the noxious gafes evolved from 
excretions of the (ick to be the vehicles of the infe6Hon ; 
and he confidcrs heat as one of the moft powerful corrcc- 
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lors of GonUgion ; k rarilies foul tiv, or that {poiled hj 
refpiration in crowded apartments; applied Co fubftancei 
imbibed with animal mi^ma, it will either diffipate it 
or convert it into an inert mafs, fo as to be harmlefs ( it 
wiji dry up moifture^ and above all, it is ufeful as a ge- 
neral ftimulus to the body^^by keeping it warm^ and thot 
lortifying it againft cold^ which fo evidently teods to dif* 
pole it to receive infcAion ': bence.the whole preservative 
Ofieans atQ comprifed in the removal of the fick^ clean* 
linefs^ firesy and ventilation. It is evident, that tbe opi- 
nion of Dr. Trotter is the fame as. that of Dr. Mitchill 
refpeding the ufe of nitrons acid gas^ who looks upon it 
to be theQioftpre|k>fleroas and ilUcontrivbdihethod that 
>can enter the mind of man. Such are the principal me- 
thods that have been employed to deftroy the putrid exha- 
lations anfingfrom*tbe deoompofition of animal and ve* 
getable fubilances^ and which are called miafinata^ 
CoodvfioD. Cfnclufion. There now remains to recapitulate the pria* 
cipal (b&s, and to conclude the fubje& of putrefafiion. 

Upon recalling to mind the principal phenomena at- 
tending fpontaneous decdmpofitioh, it has been fecn, 
that animal matters, which ate compofed, of hydrogen, 
carbon, oxygen, and azot, and which are often ftill more 
complicated by the union offulphur, phofphorus, &c., 
on being deprived' of life, and of that conflant aflion 

and renewal of their component parts, that appear to 

i / 

conditute it, foon begin , to change by the more fimple 
attraftions taking place between each of their principles, 

• 

whic||i tend to unite by pairs. This gives rife to binary 
compofitiona^ fuch as carboniq acid, nitric acid, amino- 
nia, and carbonated hydrogenous gas, whigh, on being 
difengaged by degrees into the atmofphere, diminiih in 
proportion the mafs of animal matters. Hence it is in 
confequence of this natural decompofition, that tbef? 
jnatters are obferved to become foft, to change their cch 



lour, their odour, lofe their texture, form and diftribot^ 
vapours andgaies into the furroundingelcment, which ferve 
oth6r bodies, particularly vegetables, with_theneceflary 
materials for their formation ; or, under certain circum- 
fiances,' are converted into^the mod deadly poifons. All 
the phenomena attending the putrefaction of animal fub* 
fiances are derived from the above fources. From the 
union of the hydrogen with the azot; arifes the format 
tion of ammonia, which has been looked upon as the 
principal produft of putrefacSion; The combination of 
carbon with oxygen, explains the formation arid diC- 
engagement of carbonic acid^ whtch^ dn it's firftdifcovery, ' 

was fuppofed to explain all the myfteries of putrefaftion. 
The nitric acid, to the formation-of which animal matters 
are known to contribute fo much in the manufactures of 
jiitre, arifes from the union of the dzot with the oxygen, 
whilft a certain quantity t)f hydrogen gas being difengag* , 
ed, and carrying with it carbon, fulphur, and even phof- 
phorus, is faid to create that variety of putrid odours, atld 
that phofphorefcent light obferved in all animal fubidan* 
ces during the putrefaftivc procefs. 

Thefe volatile principles being united in pairs, and ex- 
panded through the atmofpherc, there ohly^ remains a 
little carbon united or mixed wi^h fome faline matte^ as 
the phofphats of foda apd lime. Sometimes it happens, 
that even the acid of thefe falts is decompofed, atid it's < 
radical feized by the hydrogen, fo that nothing more is 
found than the alkali or the earth which ferved for abalis 
united to carbonic acid. Thefe refidua form a fpecies of 
earth, called ^wW/ ^^r/i^i that often retains a little. ful- r 
phurous and carbonated hydrogenous gas, a little oily 
matter, and an extra£l in which the vegetable creation 
finds abundance of materials neceffary to tKj^ir increfafe, 
which is the reafon why this animal pefiduum is found 
to be fo beneficial as a manure. 

A certain quantity of water, it has b^en obferved, is 



oeceflaiy for the putrid decompofition; according to Four« 
croy^ and feme of the French chemifts, it fumiihes the 
quantity of oxygen, for the formation of the carbonie and 
nitric acids,* stnd it contributes fingularly to the putrefac« 
tivc procefs, by it's affinities. They look upon the hj' 
drdgen likewife, arifing from this decompofiuon of water, 
. to contribute it's part in forming ammonia, finceitisa 
well known fact, that when animal matters- are rendered 
more dilute by a large proportion of lyater^ they afford, 
during their decompofition, ammbnia in great abun- 
dance. 

' Putrefa&ion confifting in a fucceffion of particular at- 
tra&ions, and forpiing new combinations ; it »6 evident, 
that all exterior circumilances, as temperature^ a dry or 
moifi atmofphiere, the fituation of the matters^ the me- 
diiun in which it is carried on, &c. will caufe a variety in 
it's effects ) hence bodies that are fufpended in the air, 
inhumed in the earth, or plunged in water, will undergo 
various modifications in their decompofition^' which will 
likewife be diverfified by their quantity, their mafs, their 
connexions with neighbouring bodies, and other agents, 
the number and activity ofwhich are at prefent unknown. 
Hence bodies expofed to the air are foon decompofed, 
or if inhumed in an ifolated ilate, furrounded by a large 
quantity of earth, they are foon deftroyed, and their aeri- 
form or liquid produfls are abforbed either by the atmo- 
fphere, or the foil around them, whilft on the contrary, 
when heaped together in mafTes, in a deep earth that has 
been faturated to excefs with the effluvia and volatile, 
produfts of putrefaction, it can no longer influence their 
decompofition by it's difpofition to receive or favour the 
new combinations that take place; hence they remain a 
long time undeftroyed ; the animal matter is wholly con- 
verted into ammonia, and a concrete oil, forming a foap, 
aS.difcovercd by Fourcroy in the churchyard .of the Ie- 
npcents. . * , 
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The phenomena of decompofition of bodies plunged in 
water are ftill different, for in proportion as new pro- 
du6ls are formed, the water diffolves ihem and diftributes 
them into the atmofphere. A continued humidity, with 
a prevailing temperature of a few degrees above zero, fa- 
vours the.putrefaftion, and the foiution of thefe matters 
into a gafeous form ; on the contrary, a dry and hotair^ 
by evaporating the water, dries animal bodies and con- 
verts them into mummiesy in the fame manner nearly as 
the fands of Egypt, 

Although the numberlefs varieties, which the pheno- 
mena attending putrefaAion prefent, to the obferver, are ' 
at prefent undefcribed, and even unknown, yet the grand 
purpofe to which they all tend is evident ; life, coatraty 
to the chemical affinities which the component parts of 
bodies have towards each other, had forced them into or- 
ganized combinations ; but being deprived of this priii- 
ciple, they refume again the affinities they were deprived 
of, and by means of putrefaftion become united into 
lefs complex forms. This procefs, without which both 
animal and vegetable bodies would remain ufelefs arid 
inert, reduces them, therefore, to the materials of which 
they were compofed, in order to form a new creation, 
and whilft it attefts the fimplicity and grandeur of 
the operation, it exprefles the fecundity and power 
which are fo well comprehended in the philofophical ex- 
preffion of Beccher, the circulus aterni motusy by which 
he meant to pourtray the never ceafing a6livity of "hature. 

Boerhaave Elementa Chem. p. 251. t. 2. — Gaber 
Nachricht von angeftellten Verfuchen iiber die Faulnifs 
thierifcher Safte, Hamb. Mag. t. 4. s. 484. — ^Joh. Bohn 
Differt. chymico-phys. &c. der Faulnifs, t. 2- 1»686. 
Leips. — Ypey Wahrnehmungen iiber einige Faulnifs 
befordernde und verhindernde fubftanzen in Crell's N, E. 
t. 7. s. 163. — Fourcroy's Elemens de Chimie. art* Pu- 
trefaction des Subftances Animal, t. 4.^ — Macquer's 
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WcBfterbuch, art. Faulnifs. — ^Encyclop. Meth. t, 1. p* 
79, 101, 163, 4. — Remarks on the origin of Vegetable 
Fixed Alkali, with fome collateral Obfervations on Nitit| 
by M- Wall, M. D Manchcfter -Mem. v, 2. p. 67. 
1789- — ^M. moire fur la Nature des Fluids elaftiques 
aerifomies qui fe degagent de quelques Matieres animales 
en Fermentation, par M Lavoifier, Mem. de PAcad. 
178S. — Macbride's Experimental Eflays London, ndj, 
Buckbolz Verfuche iiber einige der neueften anheimiU 
chep antifept. Subftan^. Wcim'ar. 1776.— Brtignatdli 
iiber die Faulung thierifcher Theile in verfchieden Luft- 
arten, Crell's Chem. An. 1787. — Gardani, EiTai pour 
fervoir a THiftoire de la Putrefaftion. Paris, I766.— 
Nicolai de Putredine. Jen. 1769. — CrelPs Verfuche iibet 
die Faulnifs. Chem. Joum. t. 1* s. 158.-^Ker^aChe*, 
mical Di£l. I. p. p. 19^. Birm. 17B9«^— M^^- furks 
differens Etats des Cadavres trouves dan^ les FouiUes dOi 
Cimetii^re des Innocens a Paris, en 1786 8l^7« parM*. 
Pourcroy. An. de Ch. t. 5. 2d'J^Iem. torn. 8.'^«-Sur un 
Changement fingulier operedans un Foie h«nvain,Encycl.- 
Meth. t. 2. p. 567. — On the Converfion of animal S«b- 
ftances into a fatty Matter, refembling Spermaceti, by 
G. S. Gibbs, B. A. Phil. Trans. 1794 & 95.— Philo-^ 
fophie<IIhimiqLic parM. Fourcroy. Brux. An. 3. p. 126. 
—-Mem. fnr la Nature du Cervcau & fiir fa Propriete de 
fe confervcr long- temps apres toutes les autres Parties, 
qui fe decompofent au Sein de laTerre, par M. Thour^t^ 
Joum. de Phys. p. S29. 1791.— Macquer*s Woerter- 
buch von Leonha/di. B. 7- art. Einbalfamiren.— -Me- 
moire fur les Moyens de preparer les Quadrupeds & les 
Oifeaux deftines a former des Colledions d'Hifioire Na- 
turelle, par M* Pinel, M. D. Journ. de Phy. fern. 9. 
p. 138. 1791.— -Procede pour durcir les Subftances ani- 
^ males, mojies, pulpetifes ou muqiieufe§, &c. par M# 
Fourcroy. ia Mcdecine eclairee, 

FIMS, 



I N D EX. 



Tke Roman NumtraU denote tke Volume^ the Figurei tke Pag^, 



ABILDGAARD's experiments on the blood 
Abftinence, loi^^ it's efieds 
Acetous acid, it's a,6tion on fliells 

■■ '■ ■ ■ ■ on cruttaceous parts 

■ on zoophytes 

■ ■ on oleum animale 
produced from the fpontaneous fer- 



mentation of broth 

■ it's adion on fibrin 



Achard, his experiments on hair 

■ ■■ ' on fat • 

■ ■ on animal oil 

Acids, their adion on blood 

'■■ onferum 

■ ; "^ on fibrin 

————— on coagulum of blood 

■ on milk 

" ■■ on cheefe 
on fynovia 

■ on adipoceroU!( mattttr 



- I. 


S7 


. m. 


21S 


I. 


350 


• 358, 


359 


- 


368 


- II. 


$6 




49 


- 


45r 


I. 385, 


388 


II. 


19 


k 


35 


- 


24 


■ - 


27 


• 


29 


1 


68 


107, 


121 


«» 


154 




258 


II. 


7 



why frequently oyerlooked in the analyfis of 



animal fubftances >- - ' * 17 



Acids form foapswitli fat - » .II. 19 

«-— s^^jLiumftl . . r. ^ ". . . ' • ♦"^ ^ 

^ how chaia^erifed • - 50 
» vegetable, may pafs into tlie animat kingdofm 



"without lofmg their charadcriftics - * . ,49 

purely of animal origin - - • JjD 

-^-- raoft infe<5ls fuppcffedto atTord ^cm ^ ,S9 



Acids, variousy^e under their reffedwe names. 

Adipocerous matter, produced in churchyards • IL 7 

grcedjf of water - - J 

ifs properties varied by acids 7 

method of hleaching it • 7 

it's properties - - . g 
compared to /permaceti and 

folubkraalcjobi)) • * ..jf 

make^ a frolfe^^fbup wkl| mx^ 

a iinithur fubikuice extra ftcd . 

from liver - . . .- . - j 

Adularia, it's rcfemblance to peadrl i - I..^5^ 

Aether, formic - - - - IL 58 

Air, fwallowed, a^ls as an emetip - - I, 192 

■ ■ '• more diminhflied by phofphorus thai¥ by aay 

thing elfe - - - - ^ 11, 4H 

•5 opinions of it-'s ufc in refpiration *► UL. 20 

oxygen gas difcovered in - - - 42 

caufe of miccrtainty in experiments en tkj& 



_ 1 




t 




wax 


- 


•n '< ' ■ ■ » 




Inonia 


• 



refpiration of - - - - 4i 

— experiments to afccrtain it's jalteratjon by re- 
fpiration ■ - - - - ^Q^ Jj 

— atmofpheric, compofition of - . - 52 

— quantity contaiiied in the limgs - - 55 
-^— it's ftate eminently influences refpiration. -v 1Q9 

— rtmofpheric, refpiration of -..._- ijj^ 

more oxygen confutned fn it's 



refpiration than in that of oxygen gas - . jgl 

— changes it cflfeds in the blood 18? 



INDEX. \ 307 

Air, atmofpheric, during it's cont;a6l >vitb the ikiu 



carbonic acid is formed - - - III. 


207 


————— progrefs of putrefadion in 


226 


m ' dilutes contagiotts matter fo as 




to deftioy it's quality . . - 


?92 


Albumen of eggs - - - - I. 


12 




!*'> 






, _— coagulated by heat - 13, II. 


448 



caufe of it's coagulation I. 15, 53, II;.448 

infpiflated^ experiments on - - I. 16 
when coagulated does not cafily putrefy Ip 
of the blood . - - . S9f 101 
fulphur found in - - 6l 
of the blood not identic in all perfons 65 
particularly affe<Eled by di.feftfe 72, 102 



-' of flefli fimilar to that of the blood r 282 



• 



matter analogous to, in bone, fponge, 



tortoifefhell, &c, s - - . - 340' 

it's ptopertic& - - - II. 447 

oxygen the caufe of it's coagulation 448, 451 

oxygenated, it's properties - 443 

it's Compofition - - '^ 449 

it's charadcrs in all parts the fame • 450 

very abundant in all animals - - 450 

-■ found in th^. juices of vegetables - 459 

predominant part of various animal matters 451 

gelatin perhaps formed from it - 451 

the primary fubftance from which the 



■•-• 



other fubftances of animals are derived - 452 

in what it differs from gelatin - 452\ 

' it's ufe in clarifying fluids - - ^ ^5$: 

with gelatin and fibrin forms the organs 



of animals - - - - ' 459 

the part chiefly affected by difeafe - 460 

more abundant in animals than in vegetables 46*2 



Alcohol, it'saftion on Animal fubftances - I. 10 

_; on albumen - ~ - 15 

?^2 , 



Akoholy it's aftion an blood - - - 1. i4 

' on ferum • - 27 

on coagulum of blood •- W 

. on milk - - lor> H5 

■ on gaftric juice * |80 

in bile - • » 42£ 

■ on faliva - • - 237 
on tears • - 242 

■ on pus . - - - 248 

, on fynovia - - 259 

. . on the liquor amnii * 271y 274 

-: — • on filk • - 403 

on fpcrmaceti - • II. tf, 11 

^ ■ ■ on adipocerous matter r - 9 

. »" diilblvcs the rancid part of fat - IJ 

-^ — ' it's allien on animal oil - >- 36 

on phofphoric acid - - 150 

■ onambergri^ - - 204 

*■ on muflv • - 221 

on gallftoncs . • • 355 

Alcyonium afbeftinum - • •^ I. 381 

ficus - - - • 382 

arborcum - - •'382 

Aliment, it's converfion a chemical procefe III. 19^ 

Alimentary canal, ftate of the elaftic fluids in the 205 

Alkalis, their aftion on animal fubftatices "^ - I. 10 

■ on albumen - • " 14-, 17> 18 

on blood - -22 

-^ on ferum •' • • - . - ^ 27 

on fibrin - • ~ - 29 

on coagulum ofbl<^' :-- 68 

mild coagulate milk - - ' ' -'/'r^ ief-y ^22 

cauftic render milk more fluid ---^-,*:.> -w- 107 

their adion on milk - -•.*!::/•.': 122 

: — onchcefe :av:. :.li — -.153 

^ ^ on faliva * ^ -r..;^ n -.-^ . .- 53^ 

_ on tears - - 242 



J , on aafal mucus - 244 
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AlkalU, their action on pus - . ■ 
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on fynovift 
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on bones 


330 


on gorgoniK 
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on fponje 


- 3m 


on alcyoniuni 


■ 382 


on kair 
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on filk 


402 


on fpermaceti 


11. S, 11 



on urinaiy calculi - sgs 

■ cauAic fixed, the only lithontnptics - 303 

ufcful in arthritic and calculous affe^ons S32, 335 

■ their action on gallftoues - - 355 

on urei - - 41? 

on fibrin - - 458 

Ambergris, - - - II. 202 



- varieties of - - - ^3 

- where found - - ' - 203 

- difiillation of - - ■ . soi 

- ftftioa of water on - - S04 
-alcohol - - 205 

oxygenatect mUTtatic acid • 205 

5th.er - . - 205 

oxyd of Giver - 205 

- expofed to fire - - - 20S 
-it'sufe - - - J 20S 

- it's cbaiafiers - - - 206 

- opinions of it's origin r - 30^ 
~ an indtirated excrement of a fpecies of 

208 

- this denied - - - - 209 

- a fubmarine bitumen •■ - 2i^ 

^9 



S18 Wbk*r. 

AfiJMlrgris not a fubmarine bitumen - " • Jt/?li 

ft comes from various parts • - * 214 

■ ■ it's analogy to the urine o^the horfe - 215 

Ammonia, it's adion on adipocerous matter - IL 9 

•■ recommended agaiioft the poifon of the 

Viper - - - 194, 200 

' obtained from urine - - 427 

formed in putrefaction - - III. 22$ 



Ammoniacal gas, a little exids in the lail inteftines 205 

Amnii liquor - - - - - I. 269 

affords no nourifhment to the foetus 269 

■ in what it differs from certain other 

fluids - - - - 270 

"*_ of the human female - - • 271 

*i ■ — &c. it*s component parts * - - 272 

■■■■ it's cafeous matter - - 275 

-■■ '■ ■ of the cow - - - I. 27* 

^ ' ■ (&c. it's extractive animal matter - 275 

Amniotic acid - - - I. 274, II. 88 

-■ difcovered by Buniva and Vauquclin 88 

— :— it's properties - - 88 

Analyfis of animal fubftances difficult - I. 2 

— 6:c. caufes of it's imperfedl (late -^ 2 

-^-7 ancient method of - - - 3 

;■■' two kinds of - - - 4 

' by heat - - - 5 

— reagents - . . 7 

Anatomical fubjedls, mode of prcferving - III, 246 

Ancients, their opinion concerning the blood I. 30, 43 

of refpiratioh - '- III. 30 

-^ of animal heat -. go 

. =• of death ^ - 221 

Animal combuftion, 6>e Combbidion. 

^nhual food, produces alkalcfcency --^ - - . j -j^ 

-riT"— tends toward the putrid fermertfatipn ' t^. 

s— putrid, nofalwajs iiyuriou^ tpheifi^ IJI 

' ■ indigeftible k^nds of ' ^- --i- -isiq.:. j^j 



m 



Animal food, partly dig^fti^i^ t. * I. ^QO 

" '* eg^fy Qf digdUqa • • 209 

■■ ■ ■ 9 various kiad^ of, cxcunined • ^JB 

Animal heat, See Heat, aaijQaK 

Animal mat^r, pe^uli%r, fioua^ i^ t^ luf^lf ¥%^ 

of the cow - - - * . T 1^75 

^ oil, Dippel's • ^ . 345,11.35 

■ ! ■ » ' ■ - ■ it's properties .^ • U. 35 
— — folul^le in ftcclpus a^d r 36 



-, — , — in alcohol - * • 3$ 

what fubftance^ beft. to produce i^ - "S? 

— how prepared - - - SS 

difcovered by others before Dippel -» ^ 

method of preferving it r ? _ ig^ 

it's medical ufe e ; 39% 40 



Animalcula in femine mafculino « _ L USSi 

Animalization, what - t ^ HI. 19^ 

■ fuppofed to be « ^he^u^jl^ Pf<>^^ IS5 

Ker's theory of - r r ygS 

rr. Halle's • f - SQ% 

r Fourcroy's - - ^ gm 

^ ^- opimoh €>f Pi|?M9^ ftftd Pgi'^ *ij 

, ^ it/g principlo procefs • - glj 
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, : — the galvania Ami 9^k6 hi • ? , Sjjjt 

Animals, clafiT^ of re r !• j| 

— ' few clafles of, chemically invelUgaied^ - . i 

the variou|i parts of wjikb t^y f^NB^ * - 2 

* all th«r parts imm»46ci^^lm WftP^ ^5 

■ ' matters .excreted from liicm , - S 

■ ■ ■ ■ divifioQ of their parts as tl}^ j^f J/i||^ 

analyfed - • .- . »_ .^ . r - jj: 

iiiU^stMiTM iicifliiiallar dA» 



lived from vegetables .. - - • . ^S. 

^' - ^y' analyfis of iheir ful>ilaQCes ^ijBjB^ m4 # 

I8ttl4 advanced „^. * - • ^ $ 

■- — ^wcie^t ^ipethod of aaalyfing . f r . Jt 

X4^ 
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Animals, natural and artificial analyfis of «-* <» 4 

elements of their fubftance accordii^ to * 
the old fyftem - - - 5 

■ ■ &c. according to the new - . - - 6 

— — i peculiar acid found in, under certain 



circumftances - * - - - ♦,: 7 

A 



«■ 



ahalyfis of by reagents - . -• - 7 

. ^ of their flOids - - . - n 



a flriking analogy between their eggs and- 



the feeds of vegetables - - - - 19, 21 
divided into fanguineous and exfangui* 



neous - - , . - ^2 

* ■■ ladHferous - - - . . 105 

5- analyfis of their folids - ,- 277 

■ hard parts - - 324 



effedls of light upon - - - 11. 221 

— , ■ on parts of - 224 



tfti 



■ ■ ■■ young compared with old - • • 334 

light emitted by - ^ - 230 

their organs- formed. of aH>umen, gelatin, 

and fibrin - - - - - - 459 

their heat proportionate to their refpira- 



tion - - - . • IIL 27, 92 

' '■• - have a power of generating cold - 94, 96 

— - — capable of bearing a yery high tempera- 



ture - - - • . 94 

— — — why they preferve an equal temperature 97 

■ ■' fufceptible of fpontaneous rapid combuf- . 

tion - - - - 107 

preparation of - •" •* - 241 

■ — by naturalifts - ' * iJ44 



Annihilation, fuppofed by the ancients to be impof- 
^ fible - - - - - ^ III. 221 

Antimony, phofphat of - - - II. 14& 

Antipathes ulex - ••,-!, 379 

■* myriophylla ' - - - ^d 

Antifepties, gafiric juice highly fo .. J. 130, ISkO, 194. 



Afitifeptics, various -. - - • • 111/341 

Antoninus (MarciTs) his opinion of the foul • III. 2 
Ants, acid of, fte Formic acid. 

omnivorous - - -» - II. 469 

• furniHi curious fkeletons of fmall afiimals 469 

fubftance found in their hills -. - • 469 

— may be deftroyed by quicklime - • 470 

— analyfis of - - - • 470 

Arabic, gum, eafy of digeftion, but occafions acidity 1. 210 
Argile, phofphat of - • - II. 140 

Ariflotle, his dodrine of the foul •* • III. 3 

^ opinion of refpiration - - 31 

m^ - ^— of death - - ' • 221 

• of pellilenco • - 277 

Aroma of the blood - - - 1. ftS^ 99 

— -■'■ " ' — it'« properties • * 56 

- analogous to the fpihtus redor of plants - S7 

• of milk - - - - 106 

of bile . • • 1^19, ^23 

<. — - of the faliva of the horfe * * • 23^ 

- of femen - - - • ggl 

animal - - r - II. 201 

Arfenicy phofphat of - - - II. 146 

Arterial blood • - ^ - 1/ 23 

— r- contains more carbon than venous 87 

Arvidfon and Oehra, their experiments on formic 

acid - - • - II. 53 

Aillmilation, what • . > HI. 195 

T-. fuppofed to be a chemical procefs - 195 

— ^ where performed - - - 209 

Afs's milk - - - - I. 16O 

if s properties - - -^ 160 

— L ' ■ ■ effedls of reagents on - - I60 

Oil ' ■ ■ — it*s curd * - ^' - igO, l6l 

■■■ ^ ' ** cream - - 160, 16I, \6% 

•: ■■■ ■■■ whey - - - 161, 162 

; . ' '■ ^^ / iiigar of • - - l6j 
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Afs's milk, if s butter • - I. l6l, l6« 

Aiierias - - • ' - I. 55» 

■ gradation in it's covering - - 359 

Azot, forms the grand difference between animal and 

vegetable fubftances - - - - - II. 46^ 
it's cffed on venous blood - - III. 74 

on arterial - " - - J5 

by what means more abundant in animals 
than in vegetables - ... 203, 21 S 

— it's proportion increafes progreflively from the 



ilomach to the great iuteilines • - • 20S 
-— formed in refpi ration - - - J06 
in putrefadlion - . - -234 



oxyd of, See Nitrogen* 



B 



Bacon, his opinion of the vital principle • III. 8 

Baillie, his experiments on gallilones - - 11. 355 
Bancroft, his opinion of the adlion of light on ani- 
mal fubftances - - - - II. 227 

• experiments on cochineal - 263, 266 

' method of extrading the colour from lac 284 

Bartholdi, his analvfjs of inteftinal calculi - II. 34t! 

Barylcs, it's action on animal fubftances - I. lO 

— — phofphat of -r - - - U. 139 

Bathier,, his opinion of refpiration - - - Hf. 31 
Bayen, his examination of meconium - - - I'l. 43Aj 

Beaftings - - - - I. ftl 

■- properties of - - - 142 

more animalized than common milk - 142 

Beaume, his experiments on filk - - I. 403, 405 
Beddoes, his hypothefis of the formation of oil in 

animals - - - - tl. 40 

Beds, why goofe feathers preferable to thofe of 

fowls for - - ^* . . . J., S^ 

Bee, venom of the - - II* l^ 



I 



Bclchier, difcovered that madder coloured the 

bones -I. 343 

Bell, his experiments on the refpiration of fifhes III. 144 
Benzoic acid, obtained from urine - 11. 48, 387> 

I from the faccholad^ic - 48 

Bergman, his experiments on urinary calculi il. 294, Q&5 

296, 298 

his theory of refpiration - • • III. 49 

Berthollet difcovered the zoonic acid - I. 7> 283 

; fuppofes air neceflkry to tanning - 300 

'■ his experiments on wool ^ 388, 589 

. on filk • . 399, 403 

« on mordants - 410 

on animal fubftanees II. 13 

'■■■ his opinion of the a^on of light pa ani- 



mal fubftances . - - 226 

his experiments on cochineal • 262" 

his experiments' on fibrin • • 11. 457 



Bezoar, oriental, confifU wholly of vegetable mati 

ter - - - - Jl. 320, 344 
it's etymology - - •* 337 

- two kinds of - - - 338 

• it's compofition <» - 338) 340 

■' fuperftitious ideas of - * - 339 

" ■ ■ fadlilious - * ^ • 33j 

■ dearnei« of - * - - 339 

-*- Fourcroy's account of - - / 343 

Biggin, his experiments on backs «^ • I. 306 

Bile, prefent in the blood - * - I. 51 

— ^ — none in healthy blood - • • 57 

■•^ does not enter into the chyle - - 215 

- > ' wfaat - - - - - 217 
*-^— hepatic - • . * 2^7 
— — cyftic - % * - 217 
-*—— it's properties • - - 217 

- varies in quality «* •» - 2 IS 

- it's fpecific gravity • - ^ ■ • 219 
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3i6 iypX'7^» 

Bile contaiBf focia • • .J. 21^ 

m, . n albumen . - - - 319 

1 :— rcnn '. - . . . ^jq 

» ■■■■■ it's colour affefled by acids - - 215 

■ a real foap - - 220, 222, 22f8 . 

a white concrete oil found in it - 221 

' this differs from the white crvftalline matter 



ofgallftones - - - . ^ 221 

— a^Hon of falts upon it . • r - 222 

— takes greafe out of cloth - 222, 228 

— putrefies fooner than blood - - 222 

— a^ion of heat upon it - - * 225 
^ — it's mufky odour - - 219,223^ 
- produdls on difUllation . - • 223 

— pruflic acid found in it - • . 224 

— it's component parts - - 224, 229 
-— different opinions of it's faponaceous nature 227 

— iron accidentally prefent in it - - 22^ 

— opinions of its conftituent parts - - 229 

— that of the pig nearefl the human - » 230 

— it's bitter matter - • - 230 

— various opinions of it's ufe - - 231 

— it's importance evident from if s conftancy in 



all animals - » - •231 

— coniidered by fome as an excrement - 2S2 

— this the author's opinion ... 334 

— perhaps owes it's tafle and colour to a peculiar 



matter - - - - - 401 

— it's refin analogous to that of caflor - If. 21S 



Birds, effc6ls of light on - - - II. 223 

1 have a high temperature and refpirc in great 

perfe^lion -r - - HI, 28 

Bifmuth, phofphat of - - II. 143 

Bitter, offilk - - - 1.399, 401 

■ ■■' combined with another f\ib(lance in beef 40I 

' — '^ — perhaps gives colour and tafte to bile - 401 

Plack, his theory of animal heftt .- r III, 82 
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Blood, fuppofed to contain the vital principle - IIL I 

proofs of this - - • 6 , 

—^--^ poifons adl by depriving it of oxygen - l6 

; oxygenated by mc^ns pf refpi ration - 26 

— ; of .fi(hes, receives it's oxygen from water 27 - 

-> ' ■ of an anifaal in a given ratio to the perfec- 
tion of it's reipiration - - - 2^ 
animal heat proportionate to it's circula* 



^H* 



lion - ,- - - ST 

»■ ■■ various opinions of the efk€t of refpiration 

on it - .. - - • 51 

*- *- it's black colour attributed to the imbibing 

ofphlogidpn - * - - 44 

•— — oxygen found to enter into it - - 46 

•—'it's colour - - '■ 6$ 

opinions rcfpeding the caufe of 



this - - . - . 65, 76y79 

»-r ' ■ '■■ ^ fliown to be owing to the air - 67 

milk and ferum the only fluids through 



*»-• 



which the air can ad upon it - - - 6S 

#— venous, experiments on - - 73 

m- ■ arterial experiments on - - 75 

fc- venous, faid to be warmer than arterial - 84 

— - — i— this refuted - - . s^ 

•- arterial, contains more abfolute heat than 

water - - - - 86 

the change it undergoes in the limgs is fimi- 



iar to that of folids when melted - - * 90 

undergoes a change in it's circulation ana- 



*!■ I* 



logous to combuftion - - - 92 

and thus diifufes heat throughout the fyflem 1 19, 120 
efie^s of refpiration on - I18» 122 



^— : why the fpccific heat of arterial is greater 

than of venous ^ - - - 120 

*-—; eftiraation of the degree to which it is heated 

in the lungs - - . - — . 131 

rr venous, effeds of nitrous oxyd on . - 1^8 
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filood abibrlis nitfous oxyd rapidly diroo^ tbe 

coats of the pulmooary Ycins • • i60 

efk&s produced oo it by the aif - - 1S2 

■ ■ ■ ■ by nitrous oxyd - 1S3 



red, it's proportion qnickly diminiihed by 



famine - - - - 193 
fiimifiies the principle of azot in refpira- 



tion - - . - - 215 

iWubber - ... - II. 2 

Bochante (van) his expeiimoitB on bile I. 230, 224 
Bodies, buried, fee Putre&dion, terramnmg. 

Boerhaave, his hypothecs of digeftion - -I. 2M 

^^-i ^ method of obtaining microcofinic 

fait ■ - - - . - II- 390 

Boifleau, diftinguilhes four flages of putre£idion III. 235 

Bombic acid, difcov^red by Chauffier * - II. .81 

• ■ ■ part of the infed that fupplies it - 82 

——— it's colour - - - 82 

method of colkding it • - 82 

" ■ obtaining it pure - 84 



* exifts in every ftate of the infeft - 84 

*■ it's a6tion on the metals - - 85 

Fourcroy's definition of it - - BS 

Bones - - - . . i. 324 

- afford gelatin • - «- - 324 

•^— diftillation of . . , . 324 

calcined - ... 324 

— adion ofacidson - - - 325 

preparation of phofphorus from • • - 325 

phofphorus prepared from, by nitrous acid 327 

■ by muriatic acidi 328 



— — Morveau's method of obtaining phofphorus 

from - - - - - 329 

different afford phofphoric acid ia.different 

proportions ... . 329 

of old animals contain moil phofphoric add 330 

of young animals contain moft gelatin - 330 
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Bones of £(hes contain more phof^horic acid than 

thofe of quadrupeds - * - - 330 

• '■ . adion of alkalis on them . - - 330 

■ ■ beft method of bleaching - - 33.0 

their component parts - ' - 331 

. - — — of fifties - ... 332 

* the ofljfying fubdance of - - 332 

formation of from cartilage ^ - 332 

carbonat of lime found in - 333, 36l 

enamel of the teeth - - 334, 355 

■ foffil - - - - 334 

— — — burnt - - - - 335 

cannot have concurred materially to form 

ilrata of limellone or chalk - - 335 

- ■ ■ component parts of - - - 336 

how formed - - - 336 

their difference from ftiells - 3)9, 336, 36l • 

real fecretory organs - - 337 

• ■ farther experimens on by Hatchett - ^ 337 



- cartilaginous fubftance of, examined - 337 
' refembles albumen 340 



comparative proportions of the component 



parts of - - . - - 340 

— difeafes of - . - • 342 

coloured by eating madder - - 343 

compared with fticUs and cruftaceous parts 360 

' the urine much changed in difeafes of II. 379 



Bonhomme, his experiments 9n urine - 383 

Boavoiflin, his method of purifying phofphoric acid 125 

Bordeu, his examination of meconium - - 434 

Borelli, hishypothefis of refpiration - . III. 31 
» ■: experiments on the capacity of the 

lungs - - •* - - 53 

Bofch (Vander) his examination of the liquor amnii I. 269 

Bouvier, his analyfis of coralline - - 362 

Boyle, difcovefed the phofphoric acid - IL 115, 130 

i ^ '* his opinion of refpiration • III. 32 
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Brain, ancient opinions refpeding it's compofition 1. Q93 

examined by Thouret - - - . 29^ 

refembles a fpecies of foap - - 29^ 

experiments of Fourcroy on - - Sp^f 

contains an animal pulp of a peculiar kind 295 

it's compofition - - - - 29^ 

the fource of feniibility and irritability III. 10, 12 

— hardened for diffedion by muriatic acid - 24? 8 

converted into a fatty matter - - 264f 



Brandis, his dodtrine of vitality - - 8 

Brandt, firft procured phofphorus from urine II. 39^ 

Bread, warm, produces acidity - - I. 209 

— what eafiell digefted - - 209 

Broth - - . . I. 283 

— — produces acetous acid by fpontaneeus fer- 



mentation - - - ,- II. 49 

BroufTonet, his experiments on the refpiration of 

fifhes - - , . - III. 136 
Brown, his dodrine of life - - - 13 
Brugmanh, his experiments on pus - I. 247> 251 
Brugnatelli, his experiments on the gaftric juice I, 182, 18* 
1- found faccharine acid in the faliva - HS^ 

■ ■ his opinion of phofphorefcence - II. 233 

■ experiments on calculi - - 320 
■ — on the fediment of urine 36^ 

Buccinura, found on our fhores by Cole - 2S6 

Buckholz, his examination of the water of dropfy - I. 268 

— — method of obtaining formic aether - II. 58 

Bucquet's experiments on the blood - I. 35, 46 

Buffon, fuppofed matter might acquire vitality III. 5 

Buffy coat of the blood - - 1. 29, 88, 9 J 

• . it's nature " . " 9^ 

Buniva, Kis experiments on the liquor amnii - Sfl 

^ difcovery of the amniotic acid - II. 88 

Butter - - - - I. 110 

the term improperly ufcd in our tranAation 

of the Bible - - - * 115 
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firft mentioned by Herodotus - - I. 115 

fcythian mode of making - - 11 if 

firfl ufed by the Greeks as a medicine - 1 16 

afterwards for culinary purpofes - - llff 
dill ufed medicinally in various parts of £u« 

- - - - 117 

very imperfedly prepared by the ancients 117 

of cow's milk - - - 145 

niceties in making - - 145, 149 

bell forts of Englifh - - - 148 ' 

mode of preferving - - - 149 

it's rancidity - - 149, U* 29 

mode of diminifhing it's rancid tafte I. 150, II. 29 

reparation of it's parts - - I. 151 

>f human milk - - - 157 

3fafs'smilk - . I6l, l62 

3f goat's milk - .- - l6S 

Df (heep's milk - - . Ig5 

general obfervations on - - - 174 

m animal oil - - - II, 2 

t's natural colour - - - 27 

:oloured by art - - - 28 

t's taile and colour depend on the food of the 

al - - - - 28 

t's confillence - - - 2^ 

i6lion of heat on it - • - 29 

contains febacic acid - • - 29 

orms foap with potafh - * 29 

)Ccafions the yellowuefs of milk - - SO 

iiilk - - - I. 110, 151, 16S 



lis experiments on bile - I. 234, 225, ggg 

biliary, kind of fpermaceti found in - II. 10, S56 
— — fometiraes wholly formed of this 1 1 

y2 
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Calculi, biliary, what - - • - - II. 351 

how produced - - 351 

^ claffifications of - 351, 352 

■ — - — variety in their appearance - 351 

. • — their talle feldom bitter ' - 35^ 

** ' '" fpecific gravity - - 353 

-^ inflammable - - 353 

. diftillation of - - 11.353 

aftion of reagents on - - 334^ 

detonate with nitre - - 35+ 

foluble in oils - - 355 

. difcovery of fhining, fcaly, cryftalliz- 

ed matter, in - - - - 35g 

this matter a fpecies of fpermaceti 357 

•— particular kind- of - ^ 359 

■ remedies for - - - 3gl 

' none fovmd in the ox while feeding 

on green forage . . . 3gj 

— ■ hepatic - - . 3g} 

—-urinary, compofed chiefly of lithic acid - IL 86 

— more common than any other - 288 

i— (liffer little in their component parts Q8S 

' — their external properties - 289 

~ opinion of the ancients refpedHng 290 

- attempts to decompofe in the body 291 

— fuppofed to be calcareous - 292 
diftillation of - - 292 



m > ' 



acid 



foluble in water - - 294 

"^ -^ in concentrated vitriolic 

- ' - 29^ 

. in nitrous acid - 295 

" in vinegar - • 297 

in citric acid - - 297 

various folvents of » - 297, 308 

— — limewater long recommended as a 

lithrontriptic - ^ . - 297 
— -^ diflblved by cauftic alkalis - 29S 



INDEX. 325 

Calculi, biliary, diffolved by carbonated water - 298 

what - - - 298 

— — .■ matter of, in all urine - - 300 

-, ^ analyfisof 300, 303, 306, 313, 317, 322 

— cauftic fixed alkalis the only proba- 

, ble folventsof - - - - 302' 

•-: — : fufible fpecies of - 302, 308- 

inulberry - 305, 309, 324.. 

f bone earth - - 307,309 

-T remedies for - - - -;. 308- 

— ■ their fpecies may be afcertained by 



'means of the urine - - - 309 

' > contain a peculiar animal oxyd 310 

of the dog - - - 316 

analyfis of - - 317 



of the rabbit - - 318 

urinary, of the horfe - - II. 318 
fubftances difcovered in by Four- 



croy and Vauquelin - - - 322 
; — ■• clafijfication of, according to their 



component parts - - - 323, 325 

— animal matter forms their cement 325 

— . of the pig - - '^^27 

flate of the urine in perfons affc^l- 

edwith - - - - ' - 425 

renal - - - - 327 

.. common to different animals - 329>^ 

of the horfe - - - 329 

— L. of the cat , « - 330 



T 



ai'tliritic, confill chiefly of lithic acid - II. S6. 

; — contain uric oxyd 7 314^, 3\6 

, , — > confidered as chalk - - 331 

; — fuppofe^d analogo<us to urinary 

calculi - - - ^ - 331 

' — '■ with water form a folid body like ., . 

gypfum - - . - - 331 

-^ analyfis of - -r 33 1 

Y 3 
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Calculi, urinary, difierent from urinstry - 332 |C^ 

■ lithiat of foda - • 838 

' of the pineal gland - - - 335 |- 

— of the proflate gland • * 336 



^•^^ 



flomatici, fee Bezoar. 

inteflinal - - - - 344 

of a ^lorfe - - - 345 



■ falivaiy - - - 347 

■ mufcular * - • . 345 

of the pancreas - - - 349 

' pulmonary - - - 349 

uterine - - - - - 349 

Calf, fleihof, examined - J. 278, 279, 288 
*■ ■ fde Veal. 

Caloric of Lavoifier's fyflem nothing but a repulfive 

motion - - - - III. 121 

Camel, urine of the .... ii,'4gj 

Cancer, pus of *- - - - i, 25$ 

Candles, made of fpermaceti * - II. 4 

Cantharides - - - - 473 

Carbon, quantity of in blood - • - i. 86 

Carbonat of lime, not accompanied with gelatin 319 

*-■ ■ found in bones - . - 333 

Carbonic acid gas, fweetens rancid fat - II. 21 

■ •> '" water containing it diflfolves cal- 
culi , - - • - - 298 

■ produced in refpiration III, 46, 47 

• ■ — it's effed on venous blood - 74 

has no effed on arterial - 75 

experiments on the quantity 



formed during,refpiration - -^ 108, 113 

■■ attempt to breathe - - 185 

it's proportions in the alimentary 



canal very variable - - - 205 

produced by putrefadion - 227 



Carminati, his experiments on the gallric juice of 

the carnivorous clafs of animals - I, 181, 194 



«Mk 



INDEX* 327 

arminati, his experiments on the gailric juice of 
graminivorous nonruminating animals I. 182 

■ ' on that of omnivo- 



rous - - , . - . 132 

' on that of the grami- 
nivorous ruminating - - - 184 
on the gaftric juice as 



a medicine - - - - 1P7 

Canninp, preparation of - - - II. 278 

Carradori, his experiments on digeftion - I. 207 

■ ' on phofphorefcent light II. 234 

Cartilage of the joints foluble in water - 1.319 

•— — — formation of bone from - 332, ^^6 

' of the bones examined - - 337 

— predominant part of it's tiffue - - 340 

Cafeous matter of the liquor amnii I, 273, III. ^66 
(Cailor - • . - II. 216 
analyfisof • - - 216,218 

■ contains a pure alkali - - 217 
refin, in which it's virtue refides, analo- 
gous to that of the bile - - 218 

— the produce of the beaver r - 218 
true and falfe, their difference - - 219 



Cat, renal calculi of the - - II. 330 

Cauilic, advantageous method of applying - I. 255 

different kinds of - - r 256 

Cavallo's examination of the blood - r 39 
Cement, a very hard one formed by lime and albu- 
men - - . - r 14 
Chalk, ilrata of, not formed from bones t 335 
Chandler, his opinion of the origin of the plague III. 281 
Cbappe, his experiments with filk - - - I. 397 
Chaptal, his experiments on the human Ikin - . 297 

' his obfervations on tanning - - 297 

his foap . - 320, 387 

« his experiments and hair and wool - 387 

— his method of preferving animals HI. 246 

Y 4 
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IVDEX. 

Chaulnes (duke de) his method of obt^ning micro- 

cofmic fait 
Chauffier, difcovered the bombic acid 
*-^— — — his method of preferving anatomical fub- 



II. 391 

SI 



jefts 



- III. 2« 



Cheefe, fuppofed by Scheele to be an impure albu- 
men ^ - - 
'• made from curd of milk 

known to the ancient Scythians 

Greeks and Romans before 



I. U 

111 

lie 



butter 



for it 



of great antiquity - - - 

fingular circumftance refpe6ling the milk fit 

beft kinds of anciently 

rennet befl for making 

adion of alkalis on - - - 

— ^ acids on - 



116 
117 



the beft Engli/h 
goat's milk 
Roquefort 



Chemiftry, modern, revolution in 

• capable perhaps of difcovering the laws 



118 
118 
126 
153 
154 
155 
162, 163 

16^ 
I. 3 



of our exiftence - - 

• may enable us to deftroy our pains and 



- III. 26 



increafe ourpleafures _ / . 

Chemifts, old, their method of analyfing animal 

fubftances - - - 

modern, their improvements 

Chenier, his examination of the falivaof the^horfe 
Chefelden, rightly afcribed digeflion to a raenftruum 
Children, contents of their ftomachs often four 
Churchyards, adipocerous matter refembling fper- 

maccti, produced in - - 

Chyle, conjedlure of Sylvius refpe6ling it's convcr- 

fion into blood ' - - 

• — '- — fimilar in all animals 



26 

I. 3 

3 
238 
201 
190 

II. 7 

I. 124 

2U 



Chyle, confifts of three parts - I. 211, 212 

-r— — takes up certain fubflances - - 212 

-r not formed in the ilomach ' - 212, 214 

milk approaches it in nature -v 212 

when mixed with' the blood adled upon by 

refpiration - - . Ill, 215 

furnifhes the principle of carboa - - 216 



Chyme, what - - - - I. 202 

the fame from animal and vegetable food 207 

Cigna, his hypothefis of refpiration - III. 40 

^ ; — - — of the colour of the bloo(J 66 

Cinnabar, how converted into vermilion - I. 82 
_ Citric acid, it^s action on urinary calculi r II, 297 
Civet - - . . 22P 
Clarifying liquors, ufe of albumen in - - 453 
Clennel, his account of the method of making glue I. 315 
Coagulum of blood - - I. 28, 65 
r— ' — differ^ from ferum only in con- 
taining iron - ... 28 

-; examination of - - 46 

— — - — caufes of it's produdion 65, 70 

■ — a6Hon of heat on it - 67 

1* reagents on it - 68 

; examined by diftillation - 68 

■ r- it's production explained - 70 

: ftate of in inflammatory difeafe^ 88 

• in fcurvy - - ^ $5 



— it's appearance affefted by the 

circumilances gf venefedion - "97 

I of milk, fee Curd and Cheefe. 



Cobalt, phofphat of - . - . • II. 141 

Cobra de capello, poifon of the - - . 198 

Coccus polonicus - • - 285 

^ — , where coUeded - - 285 

: compared with kermes - 285 

Cochineal - - / - - 260 

-— yhere f^pnd - - - ' 260 
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Cochineal, it's varieties 

. properties of the beft 

• — experiments of Berthollct on 

effe6b of reagents on 



II. iSl 

2$4 



metallic and earthy bafes on 270, 274 



dyeing (ilk with 
cotton 



carmine prepared from 
compared with kermes 
. — —lac 



275 
276 
278 
281 
284 



Cold, fecretion from the nofe ift the difeafe fo 

caUed - - - - I. 245 

*— extreme, deftroys contagion - III, 292 

Cele, difbovered the tyrian purple fiih on our coafts II. 2i6 

Coloftrum primum - - - I. 141 

Colouring matter of the blood I. 48, 72, 77, 85, 102 

I. ■ attradion of the external parts for 408 

»■ of different animals - II. 222 

■ i ^ — it's variety in them 



from animals 



-< moil rich and beautiful extraded 



properties 



on what it depends 

does not refledi light 

always tranfparent 

poffeffes diftinguiftiing chemical 

two kinds of - - 
of the tyrian purple iifh 
of various (hell fifh 
infeds 



cochineal 

kermes - - - 

lac - - 

the coccus polonicus 

of animals, more fplendid than 



that of vegetables 
Combuftion, fpontaneous, of wool 



244 

245 

245 
246 
250 

251 
251 
252 
257 
259y 285 
260 
278 
282 
285i 

463 
I. 390 
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Combuilion, refpiration a perfed, though flow III. 105 

rapid animal, extraordinary cafes of .107 

Concretions, animal - - - II. 288 

ufe of their analviis - 288 

■ thofe found in the fiomach cou- 

fift wholly of vegetable matter - - 320 

Conradi, firil difcovered the fpermaceti in gallilones 356 

Contagion, diftinguifhed from infedtion - III. 269 

7 of peftilential difeafes- - - 270 

■■ ■ epidemics never propagated by - 271 

* how communicated - - 273 

■ fumigations ufed againft 282, 285, 287, 293 

Convuliive difeafes, urine defiitute of ure^ in II. 424 

Cookery, art of 

Copper, may be oxided blue by acids 

• r— phofphat and phofphure of 

Coral, analyfis of - 

Coralline, analyiis of - - 

Cotton, experiments on dyeing with cochineal 

Coulomb, his experiments on filk 

Cow, milk of the 

' it's properties 

— — eflfeds of reagents on 

• difiillation of - • 

T-— '^ it's quantity diminiflied by change of 



food 



beaflings 

cream of - - 

Anderfon's obfervations on 



affeded by dedricity 

butter of - - 

ikimmed 

cafeous matter of 

whey of - 

cheefe of - - 

Tnanagement of, with refped to it's milk 
liquor amnii of the 



- III. 


1^ 


II. 


17 


102, 103, 


141 


• I. 


372 


362, 


S99 


II. 


276 


I. 


404 


k 


13S 
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138 
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139 
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140 


ge of 
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141 
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141 
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142 
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143 
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144 


.i 


145 
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151 
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153 
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154 


- 
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177 
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Cow, peculiar animal matter in it's liquor amnii I. 275 

urine of the - - - -r II. 429 

converted into fatty matter - - III, 265 

Cow-dung, aromatic water diflilled from - II. 202 

Crabfhells, contain phofphat of lime - I. 359 

Crawfifh, flefli of - - - 280 

broth of - - - . 2S1 

■■ ■ - their fhells contain pl^ofphat of lime $59 

Crawford, his experiments on cancer - S52 

' theory of the colour of the blood III. 70 

of animal heat - 85, 117 

Crayons, ifinglafs ufed in making - I. 323 

Cream . - - . lofr, no, 115 

— of the cow - - - 7 142 

, — — Andcrfon's obfervatious on * - X43 

— — -ofhumapmilk - - - 157 

• — -ofafs'smilk - - l60, l6l, l62 

■ pf goat's milk - - - ^62 

of fheep's milk - - - l63 

general obfervations on ^ - 474 



Crell, his experiments jon fpermaceti - 11. 5 

-t ■ on fat - - 18 

' ^ on human fat - 24 

— - method of obtaining phofphorus from 



bones - - - ^ 146 
experiments on fcbacic acid - 171 



Critias fuppofcd the blood to be life - III, 2 

Critolaus, fuppofcd the foul a fifth fubilance - 2 

Cruickfliank, his experiments on the pus of the hof- 

pital fore ... . j^ 55^ 

• analyfis of urine II. 373, 378, 381, 3S7, 

402 
Cruftaceous parts - - - ^ I. 357 

-1 of echini - - ^ 357 

' refemble eggfhells - - 353 

all contain phofphat of lime 359 

r— ' conapared with teilaceous fubftances SuQ 



I'NDEX, .335 

Cruflaceous parts, a middle f ubftance between (hell 

and bone - - ■' - - I. S6l 

Cryflalline lens, how the nerves of were difcovered II. 453 
Cryftals of femen - - I. 260, 262 

Cullen, afTerted life to be a forced ftate - III. 13 

his theory of animal heat - - 82 

Curd of milk - - 1.106,110,174 

■ ■ effed of heat on it - , - 111 

' cheefe formed from it - - 1 1 1 

\ principally aflfeded by difeafe - If 5 

Currie, his opinion of life - - - III. 7 

Cuttlefifh bone - 7 - - 1.341 

• " properly a (hell * - 357 

I 

D 

N 

_ y 

Dandrada, his remarks on the origin of ambergris II. 2091 

Darcey, his experiments on making foap - . 32 
Darwin, (C.) his mode of di(lingui(hing pus from 

mucus - - - - I. 248 

Daubenton, his obfervations on bezoar - II. 340 
Dav}', his opinion of the adion of light on animal 

fubllanccs - - - - 229 

of life - - ~ III. 9 

• ofmufcularadlion - - 25 

' of mental - - 25 

of the colour of the blood - 79 

' theory of refpiration - - 121 

r ' of animal heat - - 124 



experiments on the refpiration of ii(hes 144 
^. — , , of zoophytes 149 



- of certain 



gafes - - - - 149 

Death, opinions of the ancients on - - 221 

• »-- • moderns - - 222 

". figns of - - - -' 222 

— • — apparent, nitrous oxyd may be ufeful in - 192 
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Dehne, his analyfis of horn - • . - I. S45 

method of preparing oleum animale II. 38 

Delaval, his experiments on colour - ^ 246 

Deleurye, his experiments on meconium - 436 

Delius, his experiments on bile - - I. 250 

Defcartes, the firfl modem \vho rejeded the fepa- 

rate exiilence of the vital principle - - III. 5 

his hypothefis of refpiration - 31 

Deyeux, his experiments on the blood I. 55, 93, 59 

• his opinion of animalization - III. 2lT 

Diabetes, urine contains much faccharine matter 

in - - - II. 379, 381, 382 

Diet, it's effe^ on milk - - I. 121, 140 

crude vegetable, occafions acidity - 189 

■ caufes the acidity of thegaAric juice - 189 

— ' — vegetable, produces acidity - * 189 

animal, occafions alkaJefcency - - 189 

putrid, not wholly inconfiilent with health 191, igfi 

animal, indigeflible kinds of - - 208 

. partly digeftible - - 209 

eafy of digeftion - - 209 

vegetable, indigeflible - - 208 

. partly digeflible • - 209 

, eafy of digeflion - - 209 



— it's kind immaterial - - . 214 

— it's effeft on the urine - - II. 366 

— nourifhing in proportion to it's affinity for 
oxygen - - . m, 18 

— too much animal ized, effeds of - - 215 



Diemerbroeck, the caufes alTigned by him to the 

plague - - - ' - t79 

Digeflion, acid manifefl at the beginning of, difap- 

pears toward the end - - I. 189 

' fweetens putrid meat - - I90 

— experiments on - - ^ I95 

' '■ opinions refpeding this procefs - 200 
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Dige^oHi how performed in animals wi^ mufcular 

ilomacbs - - - - I, 202 

■ in ruminating animals - - 203 
« in omnivorous animals - • 203 

in membranous flomachs - - 205 

■ the gaftric juice the principal caufe of it 206 

■ in man - - - 206, 207 
• ^ — time requifite for it - * 207 

■ — fubftances flowly or not at all dig ^(led 208 

■ partly digefled - 208 



things that facilitate - » 210 
retard - - 210 



gdes on after death - - 210 

-^ bile fuppofed to be of ufe in - 232 

operates by means of the galvanic fluid III, 25 

■■ ■ refpiration, and perfpiration, connexion 
between - - - - 108 
^ a principal regulator of the animal ma- 



chine - - - - 114 

— — — it*s primary effects - - 214 



Dippel's animal oil - - !• 345, II. SH 

Difcafes, buffy coat of the blood in - I. 29, 88, 91 

. ' — particularly aflfed the albumen of blood 72, 102, 

II. 460 

— — - inflammatory, their effed on the blood L 88 

■ — putrid, their effed on the blood - ^B 
— affe6t the cafeous part of milk chiefly 17S 

application of the gaflric juice in - 197 

— — catarrhal, fecretion in « - - 245 

of bones - - « 342 

- ■ ■■ •■■ of the liver, incident to fat people II. 43 

■ " flate of the urine in - - 379 
— peftilential - - . HI; 270 



DifTedion, mode of preventing bodies under from 

putrefying - - - III. 247 

Diftillation compared with putrefaction - 240 

Dog, urinary calculus of the - - * II. 3l6 



S36 



Dog, converted into fatty matter 

Doppelmolken . - - 

Douglas, bis opinion of animal heat 

Dropfy, examination of the water colleded in 

ftate of the urine in - - 

Drunkennefs, it's effeds cured by vinegar 

Dueleck of Paracelfus 

Dung, of the pig, ufed as foap 

■' of poultry - - ' • 

-J of the cock and hen compared 

" of laying hens - - . • 

Dqrande, his analyfis of coralline 

Dyeing, hair, wool, and filk, fitter for than cot- 
ton, linen, or hemp 

in what the art confifls 

animal fubflances ufed in - - 



I. 126 
IJI. 81 

I. S6S 

II. 380 

III; 19 

II. 290 

434 

43r 

- 438 

441 

I. 362 

408 

II. i254 

25^—^86 



E 



Earths, adlionof, on oils 

Echini, cnifts of - - 

- refemble eggfliclls 

Effluvia, noifome, befl mode of deflroying 
Eggs, two kinds of - 

' of bird^, their parts 

their albumen 

' yolk 



II, 34 
I. 357 

35S 

III. 298 

I. 12 

12 

12' 

19 
19,21 

21 



a flriking analogy between them and feeds 

methods of preferving them 

/hells of - - 34-9, II. 437 

weight of - - • 438 

Egyptians, their mode of embalming the dead III. 241 

Eledric fluid thickens milk - - I. 107, 144 

Eledrum formicarum - - - II. 470 

Elements of animal fubflances according to the old 

fyflem - - - -Li 



r 



_. Jtiements, &Ck how they are feparated and combin- 
ed in analyfis - - - I. j» 

•- ' — Lavoifier's firfl o^pinion on the fub- 

jeft ^ - * « ^ 6 

his iiew theory * ^ ' 6 



ICmbalming, art of among the Egyptians - lit. 241 

* ■ opinions about the fubflances employed 

by them - - - - 242 

attempted by the modems *^ ^43 



tlmpedocles, fuppofed the blood to be life * . i 

tlmulfions - - «- - f. 2 1 

£picunis, fuppofed the vital principle a modifica- 
tion of matter - - - III. 3 
£pidemics, never propagated by contagion - 2^^ 
: Epidermis, human, eafily feparated *• t. 297 
■■ ■ diflblved by alkalis and lime * fl9t 
, > . analogous to the covering of filk - 29T 
. Excitability, common theory of, perhaps founded 
' . , on a falfe generalization * ^ III. 193 
Excrements - - *• I. 2. II. 363 
External parts - •> - - I. 385 
* - their attradion for colouring matter 40S 



^■MM 



Faeces - - - - - 11. 432 

• their variety ... 432 

■■ fuppofed to contain the philofopher^s flone 432 

» human - , * - 433 

— — acid in - * - * 433 

■ ■ thofe of the pig ufed Inftead of fo^p - 434 
Famine, one of it's mofl immediate effe^s is to di- 
minish the proportion of the red blood HI 199 

■ deemed a caufe of the plague * - 281 
Fat, what - - - - II. '15 

■ ■ ■ . where formed ^ * - - I^ 
* how purified - * * * 15 

TOL. III. Z 
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faty examiDcJ by the inicrofcbp^ 
it's analyfis 

— fuppoHSid to cont&in &n alkali 
an acid found in it - - 

it's fpecific gravity * - - 

diftillation of - 

derives it's confifteJice and tixedtielk froM^ tEe 

acid - - - - 

—-incinerated '- ^ 

forms foaps witd acids - • 

— acid of fugar obtained from 
— •; forms foaps with cauilic alkalis kdi CAtffifc 
earths - - - - 
— - it's rancid part foluble ih alcohol 

— it's folvent power - • 
may be rendered foluble in water 
it's rancidity - • ' • 
various methods of depriving it of this « 
caufe of it's rancidity - - 
it's rancidity removed by fixed air 
fcbacic acid'exifts perfedly formed in it 
perfedly decompofed 

various kinds of - - « 

human - * - - 

it's fpecific gravity 

Scgner's experiments on - " 

Crell's - . ^ 

products of it's dfftiilation 

phofphoric acid found in ' 



n. tf 
- i« 

17 

17, 22, m. 

- if 

1» 



produced by terraneous putrefaflio^i 
■« aqueous 



i « 

Ik 

is 
if 

20 

it 

n. 

24. 

24 

24 

24^ 

25, 2f 

2f 

Ifl. isi 



acid of, fee Sebacic Acid. 



Fatnefs, owing to a dimmution of oxygen 

• generally comes on about the iriiddfs agd 

why common in children 

difeafus of the liver frequently accdfli^dny 



tt. 



40 



iifhtit. S^^ 

^^fithen of gcefe, why fuperior to Aofe of fowls ^or 
beds - - - - Ii 302 

■ fimilar to hair - - - 5^6 

o^e ■ their colour to layers of fuperficial 



matter ^ - - - - II. 549- 

l^elfing, procefs of - - - 1.391 

•'erriar, his afjguments againfl an independant living 

principle - - - 

?cver, (late of the urine preceding delirium in 
^ — - at the crifis of 

putrid, adb as a pofltive ftimutus 

L ^ why the heat rifes ix> high in 



eflfed of on fefpiration - 

diftndion between infc6lious and contagious 

- p^fon, muriatic acid employed to deftroy the 
^6ntagion of - - - - 

nitrous acid ufed fbf th^ fame purpofe 



iu. 


10 


h. 


380 


383, 


424 


in. 


19 




99 




216 




270 


t 


285 
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WSiCf mufcular, a guide to the theory of it's for- 

nSadon - ' - - I. 65, 69 

;fihfin of tfie blood - I. 2S, 100, II. 457 

■ ■ forms it'^8 bufiy coat in inflammatory dif- 

eafes - - - - J. 29 

■ T ■ ■■ not identic in all perfons - - 65 

mi method of feparaiing from the blood « 69 

■ ' ■ . - forms mufcular fibre - -^ 69 

■'■ i" " how (eparated in the body - - 69 

'■ ' _, . ■ ■ influences the coagulation of blood - 70 

p > . . ■ - of blood and of fle(h the fame • -- 284 

— ^ • depofited in th© mufcles - . 284 



- r. - the bafis of mufculaV irritability - 284 

— — if s properties • • 3 • II. 457 

— diflillation of - - -458 

-7- — eafily putrefies ^ - - 458 

— ^ contained only in the blood and mufcles 458 

-■ ■" differs greatly from albumen - - 458 
' with albumen and gelatin forms the oig^ns 

'pfapimals • - • ^59 
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340 Tin>EX. 

Fibrin^ old animals contain mod 

■ ■- " fubftance analogous to in flour 

Fibrous part of fle(h - - 

Fifher, firfl procured formic acid in a liquid 

form • - • 

fifhesi fleftiof - . . 

* ■■ ' bones of contain more pbofphoric acid than 

tbofe of quadrupeds - - -^ ISO 

—— — their bones compared with thofe of other 
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animals - - . - « 332 
•— - oil of, fee Train Oil. 

— effeds of light on - - - II. 224 

— - emit light before they become putrid - 23f 

refpiration of - - - HI. 131 

— — pure air neceflary to them - • 135 

— - air bladder of - - - 131 
-*— not able to fupport fuch a heat in water as 



man in the air « • - • 13S 
found in thermal waters - - 139 



•^ their animal heat inconfiderable ". 141 

- their animal heat arifes from refpiration - 141 

- fuffcr lefs yariations of heat and cold than 



land animals - - - -p 142 

— — affedled by the variations of the atmofphere 142 

— — deep during winter - - - 142 

water effeds their organs in a variety of ways 142 

— — various matters deftru6li^e to - - 143 

— - Dav/s experiments on their refpiration 144 

-— - efFefts of nitrous oxyd on - - 1^ 

— - die in the air from hyperoxygenation of the 



blood, and increafed animal heat - - 15/ 

— - converted into fatty matter - - 265 



Flefli, examined by Neumann « • I. ^ 

of the ox, fheep, and calf compared 27 S, 284 

^ different humours contained in • - 273 

'- analyfis of - - - - • Q7Sf 284 

»- ■ ■ by Thouvenel •► •279 
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Plelhy analyfis of, by Fourcroy - - I. 284 

of the ox - - SrS, Z79f 284, 285 

^ of the calf - ' 278, 279, 284, 288 

ofthcflieep • • - 278,288 

of land and water turtles - - 280 

of fnails - - - - 280 

- of frogs - - - - 280 • 
*— ; of crawfifh . • - 280 

of vipers - - • . gso 

.'^ offifh - - - - 281 

- ■ Fourcro/s experiments and obfervations on 281 

: — it's albumen . - . 282 

gelatin - - - 282 

oil - - . - 282 

mucous extra6tive matter - 279, 282 
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fait obtained from decodion of « - 283 

it's fibrous part - - - 284 

' the bafis of irritability - 284 

Hatchett's experiments on 285 



method of feparating the lymph from - 285 

it's putrefcency owing to the gelatin chiefly 287 

contains carbonat and phofphat of lime - 289 
old, abounds more in earthy matter than young 290 

if s component parts . - . 290 

a phofoxydated compound - II. 230 

• •-^- — calculi found among -* - - 349 

- ■ ofleoUs concretions of - - 349 

H Tlour, gluten of, analogous to fibrin - II. 462 

^ fluid's, animal, formed before the folids - I. 11 

. — ' analyfis of them - - 12 

' Tluilra foliacea - - - - 36S 

. •. <— contains phofphat of lime - 369 

iPcetus, human, if s blood examined - - 54 

— — cafeous matter depofited on it 273, III. 266 

-1- converted into fatty matter - 266 

Fontana, his theory of refpiration * - - 49 

Fbrdyce, his experiments on digeflion - . I. 190 
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INDEX* 

Fordyce, liis opinion refpcftiug it 
mf ■ ■ >- his expcri/nents on chyle 



Forrnic acid, it's hillory - 

— a cure for head-ach 

firft procured in a Hcjuid fojrm t>y 
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211 
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Fifhcr 



— experiments of Margraaf on it 

— what ants afford mod 
. — feafon for procuring 

— mode of colleding the ants 

— two ways of cxt^i^ipg 

— might fupply the place of vinegwr ' 
redification of 

Hernibftadt's method of procuring 

it's fpecific gravity 

properties 



- unites with fat and eficntial oils 

- affords an aether 

- it's union with alkalis 
r with earths 



- it's adion o^ metals 

- it's affinities -r 

- miftakcn for other acidsi 

- in what it differs from vineiiar 

- analogous to the phofphorip 

- an acid fui generic 
Fourcroy's definition of it 
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Fothergill, confidered oxygen as the ca\ffe of irrita- 
bility .... Ill, 14 
Fourcroy, his examination of the ])\qod - I. 49 

his experiments on bile - 220, 2?4?, ??$ 

. his opinion of the ufjs of the bile 231, 232 

and Vauquelin firfl analyfed tears - ?4l 

^ ' ■ — - their exanoinatiofi of na- 

fal mucus - - - - 245 
' his experiments on flefh - 281;^ j?84 
J . ■ . ■ .^ ■ ■ on the brain - - gji^ 
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I If^rerpy, his analyfis of theenamc) of the teeth I. 334 

( v,.^,^, — _ his experiments on fpermaeeti - 11. 6 

. 1 .' on biliary calculi - 10 

his divifion of apj^^al ^cids - 45 

Jiis definition of formic acid ^ C6 

: f of the facchol4<^ic - 80 

— of the hombiq - - 8*5 
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^< ' ■ experiments on lithic acid - 80 

-: — definition of febacic acid - 169 

remarks oq the ori^p of ambergris 212, HIH 



Hi 1 . — ■' analyfis gfcaftor - - SIB" 

'^ — r-i-i — t remarks on mufk - - 221 

■ ■ opiiiion of th^ lijght 0/ phofphorefcent 

; bodies . • - - - 235 

» a^yfis of urinary calcuji - 300, 322 

■ *r renal calculi - - 32fif 

■ ' HI Ml. — r^ account of bezoar - - 343 

•^-*— f! ^ — analyfe of inteftinal calculi - 345 

' ■ experiments ou the tartar of the 

teeth - - , - 348 

* - ■ op g;alliloncs - 357 

ir^rr: op urinc - 394, 400 

-r^^i — I difcovery of uree - - 400 

analyfis of thje u^ine of the horfc - 429 

<*p- r» exan^ination of albumen •• 448> 452 

» obfervations on animalization III. 210 

7^ '. ' on putrefadioij » 225 



^ i " 's 1 > 



srr- 



mode of preventii)ff bodies under dlf- 
fe^tion from putrefying - • 24/ 

experiments on th$ fat produced by 



the putrefiEidlion of dead bodies - - 2'5$ 

^er a cmploycd OTcyg^nated ipuriatic acid i 

tp deflroy miafpjata - r -* 286 

^^dures, phofphat of lime may be ufjsful ii\ I* 342 

Franchipan - - - I. 141; l60 

^^[^nkiQcenfey wild ... II. 470 

Frank^liD, his theory of animal heat 'f ' Uf. ti 

'44i 



^robeaioit His vitrum moUe • • IT. US 

Frug8, flcfli of - - • - I. 280 

broth'of - * - 281 

Frying food renders it lefs digefiiUc , * 209 
TuUing, procefsof ▼ " - ' * 392 
■ fulphnric acid adv^tageoos in -» 99^ 
Fumigations, employed to deftroy miafmata by Hip- 
pocrates - • - "5 , ni. 282 

*^^ efficacy of muriatic ficid la « 285 

.. nitrous acid * <» 28T 

•^ — . ■ various ufed againd contagioi) ' « 29$ 

• r- condemned -^ • « 2J7, 29^ 

Fundions, animal, the galvanic fluid neceflaiy to 

aU n « - - - ' W ! 

> ■ I a feries of continual combina-e 



tions - - - - - 25 

Fufible fait ... II. S90, 395 

^ ' ' — Mfith bafe of natron « ^584 
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Gaertner, bis experiments on urine » 

Gahn, difcovered phofphat of lime in bones 
Craladic acid, II. 70, fee Ladic Acid. 
Galadicum potaffinum - n 

" — natratum -» 

ammoniatum - ' - 

Galen, his opinion of the foul 

•- ' ■ of refpiration •* 

•^— T r ©f animal heat 

" ■ of peitilence 

Gallic acid, how obtained by Biggin 

■■ * t quantity cpntained in different barks 

•^ ' injurious in tanning -^ 

Gall-ftones, fee Calculi, Biliary. 

C^lvapic fluid, it's propeif ties -* -^ IIL 20 
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Calvunic flaict, neceflary to the excitement of irri« 

lability . . ^ - HI. 2t 

* ■ • produces the fame effed in the ani- 
mal economy, as the eledric in a mixture of 
azot and oxygen - • • 

'■■ how it produces mufcular motion 

I . ■ I how fpafm * 

, all the fundions performed by it's 



means 



> t adive in animalization 

— . a tefl of death 

Gardaniy his experiments on bile 
CaileSy refpirable, what 



nonrefpirable 
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Gailric acid - - - 

Caibic juice, a menfhruum of a peculiar kind 

■ pure, neither acid nor alkaline 

^ — . '-^ adion of reagents upon it 

. does not become four or putrid 

. > curdles milk 

» — it's adion as a folvent 

. it's antifeptie property 180, 184, 190, 194 

• diftillation of - - ^ 180 

i it's compofition when pure - - 180 

t — r-^ — — ■ varies from different circumftances 181, 18r, 

190 

«- acid in fome clail^s of animals - 181, 182 

•r -— neutral in man - • 181 

« .. alkaline in ceriain animals ■ • - 181 

« — and foon becomes putrid in them 181 

,. — it's common properties - « 181 

' ^«:; experiments on that of the camivo- • 



Tous cla£} of animab - - 181, 194 

^ t j of graminivorous aonrumioatiBg am- 

mals . . - , 182, 196 

( '^ of omnivorous animals ' 182, 196» 20a 

■ of granivorous birds • 182, 2W 
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Goat's milki effeds of reagents on - « I. 262 

■■■ ■ cream of - - - l62 

*■ ■ cheefe of - - l62, l63 

■ ■ butter of - - - l63 
——— buttermilk of - - ltf3 

■ ■ ■ abounds in cafeous matter ' - , l63 

■ it's component parts - - l64 
'■■ fugar - - - - . ifti 

Goldwitz, his experiments on bile • * 239 
Gonorrboea^ pus from, has the fame appearance as 

that of a healthy ulcer 

Goodwyn, his hypothefis of vitality - - III. 

■ experiments on the capacity of the 
lungs - - - = - *^ 

■ ' ' ■ ■ on the changes of the 



air in refpiration 
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54 
59 



on the colour of the 



blood - • - - - 

Gorgonise, analyiis of •- - 

- nobilis 

* ceratophyta • 

»■ .flabellum • • 

»■ fuberofa - . 

*■ pedinata 

* fetofa • - • 

- umbraculum 
>' verrucofa 

»■■ antipathes 

Goiie, his experiments on the gaftric juice 

•— his method of exciting vomiting 

■^ his experiments on digeiiion 

Gouty fugar of milk recommended in 
— — chalkilones, fit Calculi, Arthritic. 
' - ftate of the fynovia in, examined 






- alkalis beneficial in 

- ftate of the urine in 



(rrange (de la) his analyfis of caftor 



71 
- I. 372 

372, 37S 

373, 378 
373, 378 

- 374, 378 
375, 378 

375, 378 
376 
376 

376, 379 
I. 189, 19* 

192 

128 

II. 331 
332, 335 
379, 383 
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Grange (de la) his theory of refpiration - II. uy 
Grafmeyer, his method of difliDguifhing pus from 

mucus - - . - I. 250 

Greafe, fpots, taken out of cloth by bile 222, 228 

■ what " - • - II. 2 
Gren, his experiments on gallftones - 353, 36l 

■ ' theory of refpiration - - III. 120 
Grenety his experiments on glue - - I. 313 
Gruetzmacher, firft difcover the acid of fat - II. 170 
Gum, animal, the poifon of the viper one - igf 

■ of diflferent infers - 200 
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Hair, - - - - I. 319, 385 
incinerated . - - 38^^ 3^7 

diflilled - - - - 387 

— adtion of reagents on - - - 387 
* with cauflic alkali forms foap • » 3S7 
. gives out fat - - • 3^9 

— yields oxalic acid - - - 389 
■ converted into gelatin by oxygenated muriatic 

acid - - ... 389 

— emits dephlogifticated air - - 389, 390 
— — it's component parts - - - 39O 

t- it*^ ufes in the arts - - 390 

it's.ftrudure - - • 39I 



Hales,, his theory of refpiration - - III. 39 

— — - experiments on the capacity of the lungs 54 

Haliotis iris - - - - I. 353 

, Halle,, his opinion of animalization - III. 201 

Haller, his hypotheiis of digeftion - I. 201 

• his opinion of the liquor amnii -. - 269 

. P " his obfervations on irritability »- III. 15 

— — r his theory of refpiration - - , 40 

Uamel, (du) du Monceau,; bb work on glue -* I. 313 
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IfamcT^ (du) difcovcredf tbe tyrian purple Ard on 

the French coafts - - - l/. 55^ 

iTamitton, his experiments on the colour of the 

Mood - - - - lit 70 

fiiankevitz, his experiments on phofphorus II. 115 

tt&rd parts, divifion of - - - I. 324 

l^arneCsy his cafe of an ulcer cured by gaitric juice 198 

tfartcnkeily his experiments on urinary ealcuS It. 29^ 

llartftom, yee Horn. 

— burnt - - - I. 34^ 

fiaflenfratz, his experiments on the colour of thv 
blood - - - - 

■ ■ theory of animal heat 

Hatchett, his experiments on infpiflated albumen 

• ■ on fynovia - . 

" «• ' 

■ on mufcular fibre 

— — ■■ on ikin 

r ■ ' on mucilage, fize, and 
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his analyfis of ifmglafs 
• of bones 



- of horn 



his experiments on the fcales of animais 
his analjfis of ihells 

■■ of cruftaceous parts 

of zoophytes 



experiments on hair and wool 
on feathers 



fiats, felting of 
•^ — — fulling of 
-^= preparation of 



— on gelatin 
— ' on fibrin 



ftaupt, affirmed the exiftence of a peculiar fait in 
urine .... 

fiead-ach, cured by the efQuvia of formic acid 
liearty proportioned to the refpiratory organs 
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reanimates ttieaflioii of the heart - III. SI 

•^~— of animals in tlie fnine ratio as thdr ref^ra- 

iibn and circulaUon - - S7| 5^, 99 

■^^— it's a£tioR on arterial bloo^ ' TS- 

— *- two Ggmfications of the word - - 85_ 

-1 — abfolute - - - 8J 

— ^ telalive . - - - - »* 

■^-S— Gompantive ■ - ■ tS' 
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Hcaty capacities of bodies for <* itt. 8() 

matter of, merely repulfive motion ^ 121 

man capable of bearing a high degree of 138 

produced during putre^Eidion - - 234 

deftroys contagion * . * * 93i 

animal, opinions of it - '■* 79 

— attributed to mixture - * W 

■ to fermentation - 80t Ul 

— ■ to mechanical means 81, 121 

' to fire - - 81, SJ 

■ ' to the vital principle •* 82 
■■ to refpiration - S2 

— Black's theory of - * 12 

— Lefliefs - - - «4 

Crawford's • - 85, 117; 

produced hy^A chemical procefs * gi 

— — ^ principal fads relating to -^ gi 

increafe of, from exercife « gg 

t ■ , in putrid fever -> 99 

■ in topical inflammation gg 



> Lavoifier's theory of - 102, 117 

caufes of the equality of - 105 

it's refources againft climate - llfi 

Girtanner's theory of - - 118 

de la Grange's - - 119 

Haffenfratz's - * - 120 

Gren's - - - 120 

— de la Metherie's - • 121 

- Davy's - - - 121 
-«• quantity generated in a g^ven time 124 



— natural to the human body - 133 

offifhes, inconfiderable - 141 
Hellot, his procefs for prepariag phofphorus from 

urine - - - - II. Sg6 

Helmont, van, difcovered the oleum animale - 39 

I I ■ his opinion of refpiration - III. ^1 

I ■■■■! of animal heat - 80 
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Helmont, van, his opinion of the caufe of the 

plague . - - III. 279 
HelvetiuSy expedled io find the philofopher's flone 

in the faliva - - - I. 238 
Henry, his experiments on, the adtion of metallic 

oxyds and earths on oils - - II. 33 

Hepatic animal gas, it's effe^ - I. 253 

Meraclitiis fuppofed the foul to be immaterial III. 2 

Hermbiladt, his mode of procuring formic acid II. 56 

experiments on the faccholadic acid 75 

Hewfon's experiments on the blood I. 38, 44, 71 

■ obfervations on the red- globules .con- 

firmed - - . r - 85 
. on the colour of the blood III. 66 



Hides, fee X^eather and Tanning. 
Hildebrandt, his experiments on bile 

^ — ^ his opinion of it's bitter tafle 

' his experiments on pus 

^ '• on gallftones 



Hippo, aflerted the foul to be vapour 
Hippocrates, reckoned air a fpecies of i^limcnt 
■ ■ his opinion of animal heat 

1 of death 

■ of peililence 

Hoffmann, his whey 

' — fuppofed animal oils to contain an al- 

. kali ai^l^ot an acid -' . - 

\ y^'' his^>^ater of magnanimity 
>-^^- — ^^ his experiments on urinary calculi 
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Homberg, his analyfis of human faeces 
Home, his obfervations on pus 

on urine 

Homer, his opinion of peftilence - . 

Hooke, obferved that bees, wafps, &c. difcharge'd 

an acid liquor - - - II. 50 
— his obfervations on combuftion and refpi- 

ration - - - - HI- JOO 

▼OL. III. A A 
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Horn, differs in it's compofition - I. 31J 

■ 

-■ ' ■ predominant part in the tiflue of - 340 

properties of - - . - -344 

— analyfed by Neumann - - 345 

^ Geoffiroy - - • 345 

• ■ Dehne - - - 345 

■ > Macquer - . - 345 

. ■ ■ . Schcele and Rouelle - 346 

i Hatchett - - - 346 

llorfe, urinary calculus of the - - II. 318 

• ^ prodigious depofit in the bladder of - 319 

' — r — renal calculus of - - - 32g 

inteftinal calculus of - - 345 

— . — cure for - 347 



— urine of the - - - 428 

converted into fatty matter . - III. 265 

llorfe Ch'efnut, it's leaves afford a ufeful muci- 
lage ... . - I. 394 
Hofpital fore, matter of the - - 254 
• method of dcftroying it's poifon • 25^ 

I 

Hufcland, his bypothefis of vitality - III, S 

Ilulme, his experiments on phofphoric light II. 236 

Humboldt, hk opinion of vitality - III. 9, 20 

of Jrritability -. 20 

of animalization - 218 

Humpagc, his method of applying cauftic - I. 257 

Hunger, the cffcd of accumulated irritability III. 18 

Iluutcr, his experiments on digeftion - I. }Sb 

' found the llomach eroded by it - 210 

■ — — < — difcovercd pus to be compofed of glo- 
bules - - - • - 250 
(Dr.) his mode of embalming - III. 243 



Hydrocarbonat, experiments on the refpiration of 184 

a fcdative - - 18 j 

Hydrogen gas, it's effed on arterial blood - 76 

— ~- — refpiration of - - l62 

■— — powerfully promotes putrefadion 198 



IKT>EX; 355 

Hydrc^n gas, it's proportion increafes from the 
*' ^ilomachto the: fmall inteftines, and diminillies 

from thefe t6 the fmaill ... III. 205 . 

--^— a produd of putre&dioii - 232 

■■ — ■■ " it's properties - - 238 

Hypochondriacs, gaftric juice of, . acid - I. 189 

■ ' ' t^^' ■ their urine deftitute of urt^ II. 424 

ffyfleric difeafes, urine deftitute of ureti in - 424 



IftdigeftioiT, gaftric juice ufeJ as a medicine in I. 159 

Infe(^Hon, miafmata the fource of • IIL 26S 

*^— : — diilinguifhed from contagion - 2,69 

Inflammation, caufe of heat in - - .99 

laffammatory difeafes, buiiy appearance of the blood 

in • " - - - I. 29, 88, 91 

■ examination of the urine in II. 382 

Inie&Sf moft, afford an acid 

. fk^letons of, contain ofieous ma:tter 

-'-^— reftored to life by water after being dried 

^ — very tenacious of life '. 

* ■ ref pi ration of - t 



- effeds of nitrous oxyd on 



B^Iris ochracea, analyfed 

-=-' hippuris - - - 

Iron, faid to be flightly foluble in albumen 
— appears to caufe the red colour of the blood 



quantity of it contained in blood 
it's colouring blood denied ' 
phofj>hat dnd- phofphure of 
effeds of phofphoric acid on 
native phofphat of 



Irritability,* mufcular,' bafis of 

■ ■ ■ ^ faid to be the vital principle 

— — : ^ it's nature and origin • 
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$56 IKDEX. 

Irritability, oxygen it's proximate caufe -> HI. 19 

. ' — • it's degree continually changing -. 15 

— r-^ it's total deftrudion induces gangrene l6 

-1 in a dired ratio to the quantity of 



oxygen - - - •# 10 

r- accumulated, caufe of hunger - IS 

may be increafed by fubftances' con- 



taining no oxygen - ' - " - 20 

all bodies containing oxygen incjeafe 



it - - ^ -/ - ^21 

all bodies that abforb oxygen diminifh 



I tm^ 



it ^ . . .21 

of e part deftroyed by tying its's nerve, 



or it's artery •• - - . 21 

— -r- '^ threp principles neceflary to excite . • 21 

" ■ " " (^aufes that diminish - - - 2?' 
(rf the heart increafed by inje6ting oxy- 



' gen gas into the veins . - . 73 

- Irritable fibre, improperly called mufcular III. 15 
V . univerfally expanded throughout or- 
ganized nature - - ♦ 15 

- ... motion, fenfation, and life depend 

' on it - - - - 15 

tlie fame in all parts, and fu.bjed to iht 

fame laws - - - , - 15 

-*- is in continual adion during life - \6 

in three different ftates * - - l6 

^ certain fubflance^ have no effect upon 17 

others negative ftimuli to - .. Vf 

others pofitive llimuli - • l7 

it*s affinities varied by temperature 17 

animal as well as vegetable decompofes 



water - - - - II 

« 

^ • — phenomena of it's contradion ex- 
plained - - - - 24 

> it's chief principles - -r . . - 25 

-■ ■ ■ - immediate caufe of it's adion, ' -» 25- 
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Ifinglftfs •* -, - . I. 321 

i'-H' how ma4e - - ' 321, 323 

* '" it's ufes . - - -. 323 

it's component parts - - 323 



Jvory, glue prepared from - - 313 

-r: component parts of - * . ^*^ 



Jaundice, ftate of the urine in - - . II. 3St 
7urin, his experiments on the gafiric juic« as a 

medicine - - - - ^97 

— ^ J — on the capacity of the lungs^ III. 53 

K 

: Katuka rekula poda, poifon of the ♦- . - II. 193 

• Kepfler, difdovers the fcarlet dye - - ^66 

*. Ker, his divilion of animal acids - s 45 

- theory of animalization - * III* 19^ 

•_^ 1 of putrefaftion ' •' " - 237 

Kermes, it's antiquity - - - II. 278- 

etymology * • •• 373 

whence collected - - • ^9 

it's properties in dydng - * 3&(l 

— compared with cochineal - 231 
• Kidneys, calculi of, fee Calculi^ renal. 

-^ their fundion - - 424 

Kuckham, his method of preparing birds * III. 245 

; Ktimifs, how made by ^e tartars • / I. 171 



f 



■> « 11 



I Lac, gum - - *• - 11. 282 

i<. ' ' k whence brought ' - - 282 

' .—. *— it's varieties - - - ' ^83 

: ihethodof extrading the colour frort S84 

— «< ^^ compared with cochineal • ^ .2.84 

A A 3 
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Jjwt, gum,_ufed in fci^ling wax .. - . - II. 2S^ 

— examined chemically - - . $8^ 

lAdeals, rejea certain fubftauces - . - I- 212 

^^ ^ of the inteftines, abforb milk • 213 

XaClicacid,difcovered by.Scheele '. r II. 66 

, r- how obuined - - 07 



^ it's properties 

1— it's neutral falts - - 69 

, it's affinities m - ^3 

Lant, old - - - ^ . 426 

Lard, what - " - 2 



hog's 



Lavoifier, his firft opinion concerning the elements 

of animal fubftances - - I. 6 

*-^ his fubfequcnt theory on the fubje4a - fi 

. ^ his method of procuring phofphoric acid II. 94, 

117 

. his difdbvery of oxygen gas - lil. 42 

— theory of refpiration - 50 

., • of the colour of the blood 70 

.. of animal heat - 102, llif 

experiments to determine the quan- 



tity of carbonic acid gas and water' formed dur- 
ing refpiration - - - 108 
Uad, phofpbat of - ' - II. 103 
Leather, principles of tanning - - I. 298 

. UHtanned, folublc in water - 298 

. forms fizc and glue r 298, 

procefe of tanning explained - 298. 

. new method of tanninar - - 301 



Leban, an arabian preparation of milk r I. 171 

Leibnitz, his opinion of death - III. 222 

Lelievrc, his experiments on making foap II. 32 

Lemnius, firfl found madder to colour the bones I. 343 

Lconhardi, his opinion of the foa])inefb.of bile 228, 

his experiments on ol. animulc. -. II. 3li 

Leflie, his theory of^animal Ijcat - III. 84 
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/ > 

JLewenlioeck's diCcovery of the red particles in the* 

blood - , ^ - - I. 37 

Lfewis, his qbfervations oh glue • 313 

Life, depiends on the blood - - ^ 21 

by fome fuppofed a material principle III. t, 

opinions refpeding it . - , - 1 . 

definitions of - - - • 6, T 

three properties included in - - 13 



-» a forced flate - - - 13 

- confifls in a^ion - - l6 



-^ curious inftance of the reftoration of - , 1 J 

— refpi ration efiential to - . - 2S 

^ of animals in different airs - 28, 6l 



Ligaments and ligamentous parts - - I. 3 1 1 

' Light, it's adt^on on living animals , « II. 222 

-J on dead atiimai matter - 225 

■ - manner in which it ads o.n animal fubflances 226 

^— emitted by living animcds or their dead parts 230 

— > » opinions of it'^ 

origin - - - - - 231 
r— ^i — of the, glowworm • - 231, 234 

of other phofphorefcent fubftances - 232 

-:— . — '• aggregate fenfible of Brugnatelli - 233 
phofphorefcent not prodnced by combuT- 
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tion - - - - 234 
--1 — fpontaiieoos of Hulme - - 236 
— ^ — not owing to putrefa6lion - - 237 
— a conlUtuent principle of animal fubftances 238 
— -^ fpontaneousi bodies that extinguilh - . 235 • 
^ i— thatpreferve - 239 



may be alternately extinguiih- 



ed and revived - - - 240 

■ ' >i • not ftccompanied with fcnOble 



heat ,. ' .. - . 24X 

' " V it's refledion not the caufe of colour - 246 

it'» adion on arterial blood - III. 76, 77 



38fr IITBEX. 

Lime, it's adion on aninml fubflances - I. 10 

^ * 

■ ■ finrms a very hard cement with albumea - U^ 

it's a^ou on the epidermis - •• 297 

— ^-^^^ — -•* in tanning - - . 297, 302- 



phofphat ofy generally afecompanied n^ith ge- 



latin - - - - 319 

— carbonatof, neyer - , - . 319- 

phofphat and carbonat of, the general balls 



of hard parts - - - - S6i3 

— phofphat of - - , II. 138 



lameftone, flrata of, not formed from bones I. S35 

lijne water, it^s adion on blood - 24 

s — ^ on milk - ip7, 123 

* '- a tcft of the tanning principle • 2^. 

»■ recommended as a lithontriptic II. 2^ 
if 8 adion on urine - * 376 



'£incn, whey ufed in bleaching - ' I. 154 

Linke, his experiments on urinary calculi II. 293, 294 

Liquors, ufe of albumen in clarifying - 453 

Lifter, affirms the bile to be of no uf^i - .1. 232 

Lithic acid, difcovered by Schecle and Bergroann II. %i 

— it's properties - • - 86 

— compofes the greater part of human 

urinary calculi and gout chalkftones . - fifi 

•— — — — found only in man - - 87 

■■ " ^ forms the critical depofite of uripe - 87 

-— ' — converted into oxalic - - 87 



Lithontripties - - . 297, 298, 502 

Liver, it's fundion - - I. 234 

- ■ of the fkate examined • . t^^x 

— . half of it oil • IJ, 3 

•: — '- oil of - ■ i- 10 

- human, a kindoffpermaceti extraded from 9, Iff. 

261 

- 4ifeafes of, frequently accompany fatnefs II. 43 

- calculi of the - - ; . - • 36I 

- urefe very abundant in difeafes of - 42^ 



LobAer (hells contain phbfphat of lime * J. d59 

li^crctius, his opinion of death ' • IIL 221 

LiMigs, calculi found in the - • II. 349 

■ their fun^on - - III. 2& 

quantity of air they contain -. 4»3, iGf 

» ' ■■■ experiments on their capacity 53, 56, l62 

^' ' ' ■■ — . furfacc of, converted into fatty il^atter 265 

M 

' .- » - 

Macbride, his hypothcfis.of digeftion * I. ^01 

— r his method of extra^ding tan faulty - 299 

' Mackenzie) his opinion of the caufe of the plague 111^281 
Macquart, his experiments on the gaflric juice of 

the ok, (heep, and calf - - I. 185 

Macquer, his opinion of the coagulating property 

of rennet - • - . - - 18S 

^ his experiments on bile , -' - 224 

.;^— analyfis of horn » - - 345 

— experiments on fpermaceti - II. 5 

■ I I < . "^ " on blood - 17 

'- — ; diviiion of animal acids - 45 , 

Madder, taken inwardly colours the bones - I. 343 

Madrepores, examined by Hatchctt . •» I. 360, 36l 

refcmblc flicU - - * 36t 

Magnanimity, water or fpirit cf '" II. 52, 471 

Magneiia, formicata * - ' -'SO 

phofphatof - - 13fl 

Malic acid obtained from ferum * I. 27 

«■ ■ ■ I generally accompanies the oxalic II. 48 

- » ■ ' obtained from glue - - 48 

Malpighi, his doftrine of refpiraiion - III. 38 

Man, forms a diflind clafs in the.fyftem of aimnals I. 1 

n effeds of light on * - II. 22?, 224 

■ • i his weight returns to the fame nearly every 

Iwenty-ibur hours . - . • JH. 113 • 
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• 

Map, his body g6veroed by thr^ principal regula- 
tor* ... HI. lU 
his refources various - - 114i 
more favoured by nature than other animals lid 

. degree of heat he is capable of bearing ^ 13S 

Manganefe, phofphat of - - 11. 104, 149 

Manna of milk - - - I. I2i 

Marcellinus, his opinion of peftilencc - III. 277 

Mare's milk - - -. I. l68 

a£lion of reagents on - • iW 

— — — — it's charaderiflics - " - . 169 

■ frangipane - - 169 

-■ ferum -* - - 1^ 

' — — — » cream - - - 1^ 



. affords no butter • - 1^9 

•; — ■■ it's component parts -• - 169 

— : contains fulphat of lime - 170 

.■ ' • i fpirit obtained from it * - 17O 

Margraaf, his experiments on formic acid II. b% 

: on phofphoric acid 131 

on urinary calculi 29^ 



> ■ ■ ■ ' '■ < ■ 



procefs for preparing phofphorus from 



urine - • . " - 398 

lilargueron, his examination of blilters • I. 266 

Marrow - ^ - - II. 2 

►n ox •- - * f 27 

Maftix - .r - „ 470 
Matter, fuppofed capable of acquiring vitality . III. 5 

Maybugs - - - - ^ II. 474 

Mayow, his theory of refpiration ^ •«• . III. 52 

■ of the colour of the blcod -^5 

Mead, his experiments on the poifon of the viper * It 19^ 

opinion of the caufe of the plague III. 280 

Meconium, examined by Bordeu - II. 434 

. Bayen - ♦ 495 

*-— Delcurye • . . . .^ 456 

— — the pureft part of th(j bile - 436 



3V|eloe, profcarabsBue and raaialis ♦ - II. 474 

Membranes, and membranous parts ^ I. 3-11 

•^ . *- ^ converted into bone - - . 335 

M^nghini, his experiments on the blood ' - 45 

•y--^ e quantity of iron difcovered in the blood 

by him . - . - . - 75 . 
)deiiz;es, his experiments, on the capacity of ^he 

lungs - . . . HI, 5g 

..^_, ; , on animal heat ^ 124 

Mcphiticgas, apofitive ftimulus - , 19 

' ■ >. ' how it produces death » . 20 

beft mode of preventing it's effedls 20 

Mcrat-Guillot, his experiments on bones - I, 340 
Metals, adHon of their calces and falts on animal . ' 

fubflances - _ - - - . IQ 

: of their oxyds on albumen - 14 

r ( — : of their vitriols on blood * 24 

r of their folutions on milk 107, 124 

r. — bftheir falts on ulcers — - • 25? 

T of their oxyds on oils - II, 35 



^ phofphats of '« \ - r * 101 

phofphures of - ^ - 102 

Metherie (de la) his opinion of the vital principle III: J 
— " • ' theory of refpiration an^ ani- 
mal heat - - • ' « 121' 
Mikfmata of dead bodies r - 255 

« 

-— ^-f thfefourceofinfedion - * - 26f 

— ^ little underilood^ - « '26S 

■ ■ ' '■■■ ■ ■ ' ' — their produdion - • 269 • 

■ ■ ' I ' fmell of - ' - • 272 

fumigation employed to deftroy - 252 

" ;i " ■ chemical method ofdeftroying - . 283 

deilroyed by mi^riatic acid - 284j 296 

\ by nitrous acid - 287 

"^ ' various fumigations employed againft 293 

v'V .i ■ ■ . vaporized watey recoiftmended agajjnil 298 
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Jdiafmata offenfive, of privies, &c. ' bcft modft 4Df ■ ' - 

deftroying , - • - III. 29^ 

,Microcofraic fait - , • . - II. SPCI 

Milk, ' - - - ^ - I. I05e 

— - it's properties . - - - lO^S 

fpecific gravity 106, 141, 142, 155, l60, ife^^ 

l64, i6^ 

compofed of globules - - • 1( 

it's fpontaneous reparation 

it's coagulum - - 106, .110„ 17-4. 

artificial means of coagulating. 107, 12 Ij 125 

effe<5l of the eledric fluid on • 107^ 144 

varies greatly in different fubjeds • 108 

a6Uon of heat on it - - , lOS 

it's ferum obtained by boiling • - 108 

extract of - - . - 109 

undergoes the acetous fermentation if left to • 



••*- 



«KV- 



itfelf - - . 109, n. 70 

— four, ufed as food -• - i. 1Q9 

-^ boiling keeps it from growing four «• 109 

— '• increafes it's tendency to putrefadion . 1<^ 



may be made 4o undergo the vinous ferment 



tation - - . - 109 

— fpirit obtained from it - 109, Il^> 170 

— very (low in taking bti the putrid fermenta- 



tion - - - - . 110 

— it's cream - " 110, 115, 142, 174 
-^— what milk affords moH cream - 110 

— fheep's - - . l64 
— • mare's - • - - l68 
— contains fulphat of lime - 170 



preparation of kuraifs from — - 170 
■ yaourt or leban - - 171 



general obfcrvations on . - - 174 

cafeoQs part principally affeded by difeafe - 175 

two leading clafTes of - . • 176 

management -of cattle with a view to - 177 
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Milk, approaches the nature of chyle ^ I. SIS 

■' . ' • abforbed by the ladeals of the iAteftines 213 

• " ■■ contains phofphat of lime - - » 342 

ifs^hey . ^ - 112, Xt7, 175 

• fugai^of - -^ 112, 113, 128, 175 

vinegar of - ^ - 112, II. 70 

— peculiar acid of - I. 113, II. 66 

— i1?s proximate component parts - I. ,113 

— fuppofed by fome to be an animal emulfiom 1 13 

— oatmeal promotes it's acefcency - 114 

— ufed to clarify liquors and improve their fla- 
-vour - - - - 114 

approach es to the nature of vegetables - 114 

hiitory o.f " * -. - 115 

liiigularity refpccfling it's fitncfs for chcefe 118 

ftate of th§ analyiis of in the lall century . - 11^ 

effea of diet; on - - 121, 140, 141 

fugar of, known by the brachmans - • 128 

firft mentioned by Barthdldi - -.-422 

quantity of fugar in different kinds of ... 130 

examination of different kinds of - 137, 174 

cow's - - - 138 

quantity diminilhcd by change of food - * 141 

fi rft mo flanimalized - - 142 

ikimmed - - - - 151 

human ' - - - - 155 

■ effects of air on - - 155 

— ' • reagents on - - -15C 
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it's curd ' • - - . 156 

— cream - - 156, 157 



: — extremely variable - - 156 

it's butler - - • 157 

•*- Stipriaan's experiments ou it - 158 

it's contents -, - 159 

■ difficult to ferment - - . 159 

afs's " - . - i6o 

goat's -• - ~ ^ 162 



5I)lk, about fourteen days in acquiring it's gresteft 

acidity - - 

air can ad on the blood through 

Millepedes, examination of - - 

Millepores examined by Hatchett 

— — — refemble llieil 

Mind 9 it's laws perhaps the fame with thofe of cor- 

pufcular motion 
Mitchiii, his opinion of the caufe of the plagiic 
Model, his method of preparing oleum aniraale 
Monck, his obfervations on gaflric juice 
Monro, his dodlrine of the vital principle 
Mons (van) his obfervations on miafmata 
Mordants, their ufe and application I. 409, II. 251 

Mproi:zo ^count) his experiments on tlie expofure 

of animals to different kinds of air - III, 6I. 

Mortimer, his opinion of animal beat - 81 

Morveau, his obfervations on the gaftric juice I. 183, 188 

• r-— rennet - 188 

■ method of making phofphorus from bones S29 

divifion of animal acids - II. 45 

' ■ opinion of the laciic acid 

— experiments on the faccholaftic acid 

■ ' phofphoric acid 
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• obfervations on urinary calculi 

• attempt to deftroy miafmata by che- 
mical means - ^ - 
Mofes, fuppofed life to be in the blood 
Mother of pearl examined 

compared with bone and tooth 

• Mucilage, not the fame with fize or glue 
* a kind of gelatin 

Mucous fubftances coagulate milk 

• . extractive matter of flefh 

Mucus of the nofe, fee Nafal mucus. 
Mummies, Egyptian - . . 

■■ modern 

■ very perfcdl kind of 
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Muriat of tin precipitates the tanning principle I. 308 

— — of ammonia, extraded from urine - II. 427 

Muriatic acid, adion of on animal fubilances I. g 

• on bile - - 219 

on faliva - 239 

■■ = — on tears • - 2-i2 

— '■ on nafal mucus - 24-5 

'—. on pus - - 24S 
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- on femen. - - 26^ 

- on liver - - 252 

- on bones - - 328 

- on hair and wool - S89 

- on (ilk * - 401 

- on ol. animale - II. S6 

- on gallftones - 355 

- on urine - - 382 

- on fibrin - - 457 

- on venous blood III. 77 



employed to deftroy miafmata 284, 296 

oxygenated, it's ufe in ulcers I. 253, 25() 

-• bones whitened by . 330 

action of on air, wool, 



andlilk - - - 389, 401 

■ — injuiious to filk and 

wool - - - - 401 

■ ■ decompofes the formic II. 57 

. -; '- it's adion on phof- 

phorus - - - - 12s 
, amber- 
gris ----- 205 

lets go it's oxygen if ex- 



pofed to light, not otherwife - - 227 

' fingers of a negro whitened 



by . - - . - 229 

■ it's adion on ure^ - 4l6 



" how it ads as 2^ deadly 



poifon . ^ . - HI, 17 
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Muriatic acid, oxygenated, it's aftion on venotts 

blood -. • - - -, in. 77 

>» ■ it's ufe in difledions 24f , 24S 

employed to deftroy mi- 
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afmata - - - - 286 

* 

it's vapour highly dele- 
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teiloQs • - - ^ - 287 

MnMe, fet Tleih. ' 

Ifufcle fhells - 

Mttfcular fibre, how formed - 

■ ■'■' fee Irritable fibre. 



irritability,, bafis of 
fee Irritability. • ^ 



motion, how produced 
— — it's effedts 



Muik 

■■ '■ alcohol retains little of it's aroma 

-■ . - mineral acids nearly deftroy it's aroma 

■ - improves the fragrance of perfumes 



■^ refemblcs ca(lor in iti chemical properties 
— r it's origin 
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two forts of it 

Mutton ' - - 
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Narcotics, pofitivc ftimuli - * - HI^ Ij 

Kafal mucus, it's properties - . . j. M 

. it's fpecific gravity - . 244 

, ^ ^oes not unite oil \^ith water - - 244 

one of the leaft fubjed to putrefa^ion 

of all animal fluids ' - . - . 245 
differs little from the fibrin of the . 



blood - - -V 1 245 
in a difcafcd ftate , - - 245 



Negro children, born white • - , II. 225 

•^- — fingers of one whitened - - J29 
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eis lacnffris, it's colour depends on light II. 2?5 

ves, no light enters their compofition - 11. S30 

their irritability increafed by all bodies that 

ontain oxygen - - - IIL 2^1 

I.. diminifhed by whatever 

bforbs oxygen • - - - ' 21 

lofe their irritability if tied • - - 21 

vous afFedions, ftate of the urine in II. 380, 424 

imann, his examination of flefh - - I, 277 

■ analyfis of horn • - 34$ 
of (hells - . - 350 

" experiments on fpermaceti - XL 4 

' analyfis of fats - - l6 



of mu(k - - 220 

of ants - - 470 

m 

of millepedes - 475 

— of earthworms • - 475 



itpal falts, their adtion on blood - I. 24 

on milk - 107, 124 

on bile - - 222 



adion of ure^ on - - II. 418 

/ton, his theory of colour contradided - 246 

■- — his opinion of refpiration - III. 39 

re, obfervations on the manufadure of - II. 426 

— formation of - - III. 231 

— of milk - - - I. 128 
•ic acid, it's a6Hon on animal fubftances ^ I. 8 

......... on infpiflated albumen 17» 18, II. 448 

_: — ; on bile - - I. 219 

on (kin » - 297, 320 

■■ on (hells - - 35S 

, on cruftaceous parts - 359 

^ on zoophytes 360, 36l, 369, &c. 

' onfilk - - 399 

■ — on the fpermaceti of biliary calculi II. 1 1 

— — — — on phofphorus - -93 

— on ure^ « - - 404, 412 
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Nitrio acid, it's adion on telatin - ^ II. ^SS 

■ -^M^ 
' r on fibrin - - 457 

Nitrogen, produced during the refpir9,tion of mtFOUS 

oxyd . - . III. 170» m, W 

' &c. of atmofpheric air - 176 



■ I refpi ration of - - - ^84 

y I ' ' ■ it's aeriform combinations r IJl 

■ confidered as the caufe of pl^ue - i^i 
>Iitrous acid, it's adlion on faliva - I. ^9 
— — — on nafal mucus - 245 

■ ■ on-pus^ - - 248 
r ■ .1 on bones - - ??7 

■ I. on zoophytes % • 368 
■<i 1 ' — on hair - - 388 

■ .. ' on filk - - 3J3 



converts ani^ial fubRances into a con- 



eicte oil - - - H. 2, 12 

■ ■■ ■ — it's a6tion on f^t - - IJ 

on oleum animate - 36 

' on formic aci4 - 57 

« — ~. on phofphorus - 120 

— ■ on urinary calculi r 29^ 

r-— — — on gallftones - - 355 

— : : T on urine - 380, $82 

- — produced during putrefadion III. 230 

— — — — craployed to deftroy contagion - 2S7 
mode of doing this - • SW 
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Nitrous acid gas., it's adlion on train oil - II. 30 . 

Nitrous gas, it's a(f{ion on phofp.horic acid - 136 

— — — ' — on venous blood - III. 74 



injected into the jugular \'ein of a dog 



foon killed it - - - 73 

■ ■ it's effed on arterial blood •> 75 



" — attempt to breathe - - 186 

Nitrous ox^d, refj iration of - 151, i^ 

~ fuppofed to be the principle of contagioft 15.1 ,- 
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INDEX/ 371 

5 oxyd, proofs of the contrary - III. 151 

■ ■ ■ method of procuring it - 152 

._ — it's properties - - 152 

— _«- fpecific gravity - - 153 

— .— - compoiition *- - 154 



.— — refpired by warmblooded animals 154? 

■■ dellroys them by exhaufting their 

ibility and fenfibility - - 156 

refpired by amphibious animals 15(J 

— by fifhes - - 156 

— ■' bv infers - - 157 

by worms - - 157 



• not decompofed in rcfpiration as at- 

heric air - - - 158 

it's effeds on venous blood - 158 

changes produced in by rcfpiration 158 

comments on the experiments with l68 

^ — ' nitrogen produced during the refpi- 

tiof - - 170, 172, 191 

carbonic acid produced during the 

ration of - - - 173 

water produced during the refpira- 

of - - - - 174 

effeds of it's rcfpiration • 183 

» it's adion produces no debility \%7 

— ufesof - - - 192 

ca, Boyle's - - - II. .130 

ent, mufl bea pofitiveilimulus - III. 18 

*— the radical of oxalic acid^the common 

of all - - - - 20^ 

O 

rk, it's utility in dying hats - - I. Z^^ 

nalyfis of the aflies of - ' * II. 443 
ind Arvidfon, their experime&ts on formic 

Jb •• ak « 59 

agal liquor ^ * I. 202,. 204 

ilood - 9 «• 31 
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Oil, animal, Dippel's 

— - what included under the terra 

— almoil all animal fubflances may be converted 

. into - - 

— &c. this naturally in cemeteries , - 

— &c. how efFeded by art 

— varieties of - - - 

— lefs folid in the living animal 

— to what it's finnnefs owing 
— — varies in different animals , 

in different parts of animals 

— - claffification ©f - - 

— purification of, for lamps 

fweet faccharine matter found in 

t — foap made from 

what befl for this purpofe 

— a6lion of metallic oxyds on 
■ ■ earths on - - 
— — component parts of - - 

how formed in animals 

adion of phofphoric acid on 

Old people, ftate of the urine in 
Opium in fmall quantities, nourifhing 

it's effeds, how cured by vinegar 

Offeous matter 



increafes in proportion to age 
contaiiied chiefly in the bones 
exifls in the ikcletons of infedb 
phofphat of lime 



Offification, procefs of 

ufe of milk in 

- of foft parts 

Ouretic acid 

Ouric oxyd, fee Uric Oxyd. 
Oviparous quadrupeds, examination of 
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Ox, fleifli of| examined 



I. 278, 279, 284, 285 
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>f lime, bafis of mulberry calculi IL 324 

cid obtained from ferum - I. 27 

from feveral animal fubftances II. 48* 

-— lithic convertible into - 87 

- found in urine - - 386 

- it's bafe the common bafis of all nutri- 
fubftances - - III. 202 

- how far this is true - - 211 
, renders animal oil concrete - II. 2 

- a diminution of occafions fatnefs - 40 
■ ■ fcurvy - 41 

- it's influence on vitality - III. 7> l6 

- the proximate caufe of irritability - 15 

- fubilances that have molt affinity for, mod 

filing - - - . IS 

* thirft indicates a want of - - 19 

- neceflary to the excitement of irritability 22 

- imparted to the blood by means of refpi- 

n - - - - 26 

- the blood derives it from water as well as 

air - - - • 27 

-what becomes of it in refpiration 118, lip, 120 

- does not combine with the blood in refpi- 

»n - - - - 120 

- is not dccompofed in refpiration - 122 

- confcquences of the combinations it forms 

le alimentary canal - • - 208 

n gas, it's action on blood - • I. 25 

difcovered in the atmofphere - III, 42 

if s efifed on venous blood - 73 

-T-1 — injected into the jugular veiu of a dog 

I killed it - - , , 73 

— — quantity coufumed in refpiration 112, 181 

refpiration of - - ISO, 186 

— - lefs oxygen confumed in it's refpiration 

Q inthat ofatmofphericair - - 181 
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Oxygen gas, it's proporfioA diroinifbes progreffiveiy 

from the Aomach to the great intetlines III. 205, 20f 

• 0>fterfhelIs - - - 1.352 

Oyilers, living, afford little nouiiihiDent - III. it 



Pancreas, calculi found in the - II. 349 

tancreatic juice, analogous to faliva - X £40 

Papin, his digcfter - -» - 313 

Paracelfus, his fidcreal fpirit - - HI, 4 

Parmenides, fuppofcd the foul to be fire - i 

Parmentier, his experiments on the blood I. 55, 93, S9 

— ^ — on glue - - 314 

• — - — — — opinion of animalization. - 111.217 



Patellae from Madeira analyzed ' - L 352 

Pearls, iimilar in compofition to mother of pear^ ' 354 

— -^ in ftru^re referable pifohthes ' - 354 
■ -' ^ ' their iridcfceriqy produced by their lamel- 

latcd ftntdture - - - . 354 

Pearfon, his mode of preparing phofphat of foda II. 13/ 

experiments on calculi 310,318,320 

^ difcovery of uric oxyd - - 310 

Pelleticr, his experiments on glue - I. 314 
on making foap - II. 32 

Percival, errour of his refpeAing urine - - '384 

Perkinifm, it's principle - -, m, 22 

Perlate fait - - - u. 104, S9S 

— - — analyfis of - - . ' 305 



»|l M 



■ a^i^ of • - - - 128, 386 

Perfpi ratios, experiments on - • IJI, 108 
' caules that influence the phenomena * 

of - - . . . jji 



lofs of weight by - . HJ 

^ principal regulator of the animal 

machine - - - . 1^4 

— effcas of - . 207, 213, 2iS 
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PeAilential difeafes, opinions on the contagion of III. 270 

-= ancient and modern opinions on 27 S 

«— « =T diftinguiihed from plague - 97 S 

** ■' ■ ■ muriatic acid employed as a 

fumigation agalnft - -^ - 285 

Philofopher's ftone, Hl^Wetias expefted to find it in 

faliva - ^ - - I. 238 

-^-"^ = fought fof in fsfeces - II. 432 

l^hlpgifton, Stahrs doarine of - III. 42 

Phofphat of lime, generally accompanied by gelatin I.- 319 

fii difcovered in l)orieS by Gahn 324 

' a deficiency of, in rickets - 342 

,.1 — ; -. . it*s Utility as a medicine - 342 

-^ : r- prcfent in milk - - 34^ 

= in the coverinsjs of cruftaceous 

ammals - - . . ^ ^59 

' ■ - • 'v > - ■ ■ — — in zoophytes 362, 3^9, 370, 373, 376, 3d^ 

prepared by art - - 138 

^ — =—— ^i ^^— found in urinary cakitti II. 323 

..s : — = thccaufe of hardnefs in bancs 461 

l^hofphat of foda - II. 137 

- barytes r - - 139 



--^ magnefia - - - 139 

■ araile - - - 140 



^ 



filex - • - IW 

filver - - 102, 141 

copper - r 102, 145! 

iron - -' - 103, 142 

native - - - 14a 

tin - - 103, 145 



-i»^ 



-^- - quickfilvcr - - 104, 14(> 
arfenic - - - 14 tf 



zinc - - 103, MO' 

antimony - - - 348 

bifmutU - - * 148 

cobalt - - - 148 

mangancfc - ... - ^ 104, 149 
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Phofphatof amtnomaco-nra^efian, in calculi II. dS% 

■ . triple of ammonia in urine - 392 

— foda in urine - - 3^3 

Phofphats, earthy and alkaline - II. 100, IS6 

_ -^ their component parts 101 

^ : : their properties lOi 

of metals - - 101, 141 

»i confounded with phofphites - 1^ 



Pbofphites - . - - KJi 

* ■ . their component parts - - 1"^ 

— miftaken for phofphats - - l66 

how di(iingui(h^ r - l^P 

» their properties - - l67 

Phofphorefcent bodies, II. 230, fee Light. 

Phofphoric acid, found in the gadric juice of rumi- 

Qatiiig animals - - I- 185 — 18? 

— ^ • obtained from bones 325, 329, H- 12* 

in fat - - - ^ 

■■ found in all three kingdom? 47» H^ 

, : — 'it's indeftruaibility - 4^y m 

'■ produced frojn phofphorus - , fifl 

methods of obtaining - 92, ll6 

* what - - - 96. 

it's properties - - 97 

— in two ftates, liquid and vitreous 9? 

— — forms glaffes with earths and metals 9^. 

it's adlionon different bodies 98, 107 

, it's phofphats - 100, 136 

not diftinguiflied from the phof- 



phorous at firfl - - - lOfi 

it's action 011 metals 101, 107 

on oils - - lOS 



it's glafs more eledric than any 

other - ' - - - 109 

. miftaken for others - 109 

— it's compofition - - UQ 

— ___ found in vegetables - 112 

. r in minerals • 112, 113 



Vhofphoric acid, perhaps do part of snimab free 

from it - - - 

- -■ ■ the green colour of leaves attri- 



■! an ingredient in the formation of 



ifs 



origin 
hilioiy 



- obtained by deflagration 
by flow combuliion 

by affinity 

from feline or earthy 

— ■ ■ from bones 



it's purification r ? 

vitrification of • > 

- difcovery of ifs pTopertJes - 

- Margraaf proved it to be an acid 



116 
120 



127 

ISO 



ifs tafte - r 

- faid to be cauliic ' - . 

- it's fpecific gravity 

- m|xed with water gives out heat 
faturated with nitrous gas 

- it's efTcAs on iron 

- prefent in prulSan blue 

- a^ion of, on oils - - 

- mixes with alcohol 

- fethcr perhaps obtainable ^ 

- affords an inflammable aii 



i.th 
with 



136 
ISS 
I3S 
136 



's a£Bnitics 

- affinity to phlogillon 



- clay 
• avails 



159 



Pliofpboric «€id, it^i affinity to Mietils * • It. U9 

, I ■ — .^^ in urine - -. 9td 

Phofphorous acid ♦ * - gg^ I55 

* ■ ■ not'diftingnifhed from the ptoA- 
phoric at firft - - « lOS, 159 

* ' ■ • how procured • - l6o 

■■ ■ ■ " it's properties - * ife 



— it's adlion on dilfiMf«nt bodies 163 

— attacks gla(9 - ^ j68 



Phofphorus, preparation of, from bones, by the 

chemiils of Dijon - - - I. 325 

■■ ■■■ ■ — by Scfaeele - 327 

: by Wiegleb - 328 

by Morveau - 329 

byCrdl - 11.146 

* ■ • ■ — undergoes two fpeciM of combuiUon * 89 

»■ ■ it's puriftcatiait - .90 

— - fpecific gravity - - 9^ 

«, ... properties - - S\ 



burns fooner in common air than hi 



oxygen gas - * • •SI 

methods of obtaining the acid from p2, 116 

oxygenation of by the nitric acid 93 

it's acid in two ftates - - 96 

theory of if s compofition - 99 

diminifhes air more than any other fab- 



I fiance does - - * 111 

' deflagration of • ♦ II6 

■ flow combuftion of - - 118 



adion of different gafcs upon - 232 
obtained from urine - - 395 
of urine called cnglifti phofphorus 39^ 
mode of preparing 39G, 39^ 



burns vividly in nitrous oxyd III. 152 

^— perhaps formed during putrefadtidil 232 

Phofphures of metals - - 11. 102, 142 

Pig, urinary calculus of the - - 52f 



Pig, dang of, ufed as foap « * II. 4$^ 

jpineal gland, calculi of the - - 335 

Pmel, his method of preparing birds - III. 245 

Pinelli, his experiments on arthritic calculi II, 331 

Pifolithes rcfemble pearls in flradure • I. 354 

.Plague, ads as a pofitive ilimulus - III, Id 

— -— it's contagioufnefs denied • - 270 

■ various caufes afligned it - ^ 275 

■ diilinguiHied from peflilence - - 278 
Plafter, englifh fticking - - I, 323 
Plato, his plailic nature - - III, 3 
l*lenck, his experiments on fat • II, ij 
l^hitarch, his dodrineof liife -, III. 4 
Poifon, animal, two clalTes of - - 11. 193 
— — of the viper, difcovcred by Redi * I93 
»■ examined by M^ad - 193 

■ ■ by James - 194 
——J by Fontana • 194 



volatile alkali recommended 



as a fpecific againil it - - I94, 200 

—————— not acid when pure • 194^ 

■ it's properties - - . 195 

it's analogy to gum - I96 

»— the only animal gum known 197 



- of different ferpents analogous - 197 

- o^ Hinging infeds - - 198, 200 
-of the bee - - - 199 

- of the fcorpion - - • 199 
^ lefs abundant in the animal kingdom than 



in the vegetable - - - 4^2 
■ ads on the blood by depriving it of oxygen III. 16 
fome of the n^oft deadly kinds of, negative 



itimuU - - - - 17 

potafh, perhaps formed during putrefadion III. 230 

potfetten, what - - - I. 108 

Pbulietier, his experiments on gallllones II. 10, 356 

Poultry, dung of - - - - . 437 



390 IMPEX, 

Poultry, quantity of carbonat of lime formed by II. 438, 443 

* • earthworms recommended for feeding - 476 

Prawns, (hell of, contains phofphst of lime - ' I. 359 
PrieiUey, his experiments on bile ' - - 230 

iip- ■ on train oil - II. 30 

on phofphorii; acid 136, 153;^ 157 



•?■ 



errour of his, refpeding urine - 384 

difcovcred the chief difference between ani- 
mals and vegetables - . - - 46^ 
■ oxygen gas - III, 42 



his theory of refpiration - - 45 

— « experiments on animals in noxious airs 63 

J — hypothefis of the colour of the blood 67 

— ' experiments on the refpiration of fi(hes III. 134 



Pringle, his hypothefis of digeiiion -^ I. 201 

Proftate gland, calculi of the - IL 336 

Prouft, his analyfis of bones " * I. 331 

, experiments on urine - II. 385, 391 

PrufTian blue, found in the blood - I. 5S 

i€ contains phofphoric acid - II. 145 

found in putrid animal fubftances III. 234 

Pruflic acid, found in bile ? ' r I. 224 

Purpura, found on the frenph coafts by du Hamel II. 257 
Pus, it's formation explained - - I. 53 

properties - , - 247 

r fpecific gravity - r - $47 

means of diftinguifhing from mucus 248, 250, 251 

-r— compofed of globules - - - 250 

in a difeafed ftate "^ - - 251 

r — in cancer - - - 252 

' aftion of metallic falts on r 252, 254 

oxygenated muris^tic acid on r 253 



of the hofpital fore - - - 254 
method of deflroying it's 



poifon - - - - 256. 

Putrefi^dion, powerfully checked by the gaflric 
juice ... I. 180, 19Q 



futrcfiiflion, not induced by putrid food •■ i, igi 
promoted by fativa - - 237 
of flefh, chiefly owing to the gelatin S87 
great d^eee of, extinguilhes the lu- 
minous appearance of dead fifh - H. 2S7 

preventtd by the vital principle III. tf 

-' powerfully promoted by inflammable 

gas - - - - 198 

oppofed by pure air - . ■ , igg 

the only certain fign of death - 223 

authors on - • - 223 

aflerled to be a fermentation 224, 2SS 

this denied - - - 22* 

re^rded as a kind of ignition - 22f 

■ — all organized fabftances liable to it 225 

various kinds of - - 225 

— atinofpheric ... 22ff 

produdts of it - - _ 227 

: — — carbonic acid • 227 

• •- ammonia - - 228 

■ — potafli and foda - 230 

• nitric acid - 230 

~ fulpbur - - 232 

— phofphorus - 232 

• hydrogen gas - 232 

■ azot gas - - 234 



pruflian blue - 234 

... - .Jieat - - 23* 

earth - - 235 

four fiages of _ . , 235 

difference of ifs phenomena - 23fi 

caule alligncd forit - . - 23(1 

phlugiftiearian theory of - 237 

in different gafes - - ggg 

owing to the refumption of the elec- 
tive attractions, which the vital principle had 

couDterafled ... 039 



Putrcfadlion, acceflbrics to - - HI. 239 

.—- . will not take place in vacuo - 240 

— — compared with diftillation - 240 

— < fubflanccs that impede - 241 

. terraneous •* - * 249 

^ of bodies buried * - 250 

■ thefe found in three Hates - 251 

^ converted into a fat matter - 252 

progrefs of in accumulated dead bo- 



dies - - - - 255 

■ dangefous miafmata of - - 255 

the converfion into fat arrefts the pro- 

cefs of - - - * 258 

^ ■'- final decompofition of this fat - 258 

' experiments and obfervations on this 

fat - - - • - 259 

aqueous ^ - - 264 

produces a funilar fatty matter - 264 

'^ — : — miafmata produced by - ^55j 268 

V *■ principal fadb relative to * , 300 

Putrid difeafes, flate of the blood in - I. 98 
- matter, always deleterious if in fufficient 
quantity - - - HI. 274 
it's effefts when introduced by a 



^tmm 



«* 



wound ^ - - - * S75 

Pythagoras, his opinion of the foul - - 5 

— — — ■ of death * - 221 



Quadrupeds, effeds of light on * * IL 223 
Quercitron bark, it's ufe in dyeing - - 268 
Quickfiiver, phofphat of - - 104, 146 
■« muriated, it's ufe in preferving ani- 
mals - ^ -. III. 245 
mummies prepared with - - 24/ 



Quills, converted into gelatin by oxygenated muri- 
atic acid -> - - I4 389 
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lEXabtit, urinary calculus of tlie - 11,318 
^^ain, caufe of the freihnefs of the air after III. 19 
incidity, of butter - " - I. 149, H. 29 
f mode of diminifliing I. 150, II. 29 



■ of fat - - II, 19, 26 

— ^ how removable - - 20, 21 

— opinions on the caufc of - • 20 

9at, renal calculi found in the - « 329 

'l^agents employed in analyfmg animal fubflanccs I. 4 

— ■ analyfis of animal fubftances by them 7 

Jleaumur, his experiments on the gadric juice I. 193, 201 

"i ■ i — on digeftion - 202 

Jled particles difcovered in the blood - 37 

Redi, difcpvered the poifon of- the viper - II, 193 

^cil, difcovered the nerves of the cryftalline - 453 

Rennet - - - I, 112, 187 

-^ — r- — different manners of preparing - 126 
it's property of coagulating milk afcribed 

to an acid - - - - 137 

on what thi§ property really depends 18S 



^i^t-T" 
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Refpiration, effential to life - - III. 2(S 

— — eompofed of two anions - 26 

■■ it's final intention the fame in all living 

beings - - - 27 

— . it's organs divifible into three claflfes 27 

> the blood of an animal in a given ratio 



-r^ 



to it's pjerfedion - - • - 27 

> animal heat proportionate to it 27, 93, 9* 

fcale of - - - 28 

" animals in which it is moft perfedl foon- 



■^ i ^ r 



efl deflroyed in noxious airs - - 28 

— ■ — the more perfedl it is, the more are it's 



organs concealed - - - 29 



i 
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Refpiration^ leaves the organs of in vegetables III. 36|)(ip 

" knowledge of the ancients on this fub- 
jeft ... - . 30|^ 

opinions of the moderns -> 31, 38,41 

« ■ - Mayow's theory of - - 32 

■ — • importance of oxygen in, difcovered 42 

fixed air produced by - 46, 47, 49 

ly- i caufe of uncertainty in experiments on 48 

■■ ■ experiments to afcertain the alteration 



of the air by - - - SO, 59 

■■ the quan- 



tity of air infpired. and expired - - 53 

—— of animals in diflRwent airs - 6l 

' the caufe of the colour of the blood 64 

^ • of animal heat 7ft 82 



alters a greater quantity of air in a cold 



temperature - - - - 9^ 
feverat conjedures that it arofe from 



the fame caufe as combuflion • « 100 

■ it's effe^s compared with thofe of corn- 



bullion by Lavoifier and de la Place - 102 

■ a perfed combuflion - - 105 

. experiments to determine the quantity 



of carboaic acid gas and water formed during 10$ 
connexion between it, and perfpiration 



and digellion - - - 108 
principal caufes by which it is influ- 
enced - - - - . 109 
'■ lofs of weight by - - 112 

quantity of oxygen air confumed in 112 

■ a principal regiilator of the animal ma- 
chine - - - - 114? 
— it's efFecls according to Girtanner - 11 S 

products - - - 119 



all the animal heat not given out dur- 
ing this procefs - - - 119 
■ ■ -5- no oxygen combines with the blood in 120 



iLcipiration a conductor of the ele&ric fluid Jtt. isi 

' Daly's theory of • •121 

— oxygen not decompofcd !n - i^ 

— ■ " a chemical procefs - - 124 
■- of fifliet - - . IJ4 

■ ■— the fource of their heat • 141 

————— Davy's experiments on - 144 



Nl*B« 



of infe6ls « - 145, 21B 

ofworma - « • 147 

ofsoophytes • - • I4g 

*■ ■■ '■* ■ of various gafes - - 14^ 

— — ^ of nitrous oxyd 151, l6^f 183, 187 

■ ■ of hydrogen i* ^ l62, 184 

■ ■ ■ ■ of atmofpheric air - - 175 
^— ^•i — «- of oxygen - - 180, 186 

■■pf nitrogen - - • 154 

' of hydrocarbonat - • 184 

.« .. ■ ■■ alters th« atinofpheric air in three 

ways - - - - 206 

"■ ■■^- parbon fumiflied by the chyle in, asot 

by the blood ... 215 

;■ '■■'■' effed of fever on - - 2i5 



Ithettmatifm, acute, examination of the urine in '' 11. 382 
Richter, his experiments on bile - !• 22P, 230 

Rickets, a deficiency of phofphat of liiaa in I. 342 

-^ ftate of the urine in - II. 37 St 383 

Roaftmeat, brown of - - v L 283 

Robert, aicribed a double foap to bile - 228 

Roeder, (bowed the exiiience of foda in bile 225, 226, 227 
RoUo, his opinion of the hofpital fore - • 254 

'■ ■ - his method of deftroying it^ poifon 256 

Roquefort cheefe - - • 166 

Rotifer, after dried, may be reftored to life by means 

of water - - - III. 19 

Rouelle^ his experiments on the blood - I. 54 

m ^ . — - on horn * 346 

on urine II. 373, $7(^9 S9I 



i*i*« 



roll. III. c c 



Rbuel^^firft obfervcd ure^ - - FI. 400, ^#01 

his experiments on the urine of the hoVfc, ~ 

cow, and camel '' - - 425, "42^ 

Rufli, his opinion of the principle of life - IFf; 12 

Ruflel, his experiments on the poifon of ferpenti -'' IL 1^ 






Saccharine acid, found in the falifa of a venereal- 
patient - - - • . L 2S* 

.*« — obtained from fat - • • II, 19 

Sacchola6tic acid - - * I. 113- 

■^ benzoic acitl obtained from K. 4& 

, 1 difcovered by Scheele - -7-2 

■ I ^- midaken for oxalat o€ lime - ^2 
'fc*< ■ I I M . — .-i— proofs of it's being a peculiar 



acid - - - - 7«, 7* 

Hermbfladfs experiments on it 7S 

averted not to be a peculiar acid . . FS^ 

Fourcroy's definition of - 80 

it's affinities - • - fiO 



Sage, his conjedure on the iron in the blood J. 47 

Sal mirabile perlatum --' - H. 385 

Saliva^ it's properties 'J :: ^ , X. 237 

it's f[jecific gravity - ^ 337 

— • — feptic -' * - « 237 

^ ad;s upon iron and copper - - *'237 

■ ' ■ it's component parts - - 238 

faccharine acid in that of a venereal patient 23S 

promotes the vinous fermentation - 238 

of the horfe - • - 23g 

— aftion of reagents on it . - - 234 

it's analvfis - - - 340 



Salivary glands, calculi of the - , II, 34s 

Salt, peculiar, obtained from filk *- I, 309 
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